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The Ordovician Gordon Subgroup at Gunns Plains is represented by 
over 450 m of carbonates. Three major peritidal carbonate environments 
(subtidal, intertidal and supratidal) are recognized. Microfacies 
observed are (a) subtidal - sparse and packed biomicrites, biosparites, 
pelbiomicrites, fossiliferous micrites, andmicrites; (b) intertidal -
sparse biomicrites, biopelmicrites and pelbiomicrites, pelmicrites and 
pelsparites, intrapelsparites, intrabiomicrites, intraoncosparites, 
intrarnicrites and intrasparites, intraclast-bearing micrites, intraclast-
bearing fossiliferous micrites, other minor allochem-bearing micrites 
and dismicrites; (c) supratidal - dismicrites, fossiliferous micrites, 
intraclast-bearing fossiliferous micrites, intraclast-bearing micrites 
and intramicrites. Abundant mudcracks, birdseyes, and vertical and 
random burrows characterize the supratidal and intertidal facies, while 
diverse fossil types and random bioturbation features are characteristic 
of the subtidal facies. 
Carbonate sedimentation took place dominantly during regressions 
as shown by asymmetric cyclicity. These depositional regressions 
represent progradation of the supratidal sequences. Microfacies 
variation suggests supratidal conditions in the south and subtidal 
conditions in the north of the study area. Ca, Mg, Sr, Na, Mn and Fe 
concentrations reflect depositional and diagen~tic environments, in 
particular dolomitization and dedolomitization. 
In most samples studied, an equigranular mosaic of finely 
crystalline, euhedral to subhedral, ideal to ferroan dolomite commonly 
ranging in size from 10 to 50µ occurs in burrows, in and around intraclasts, 
and along mudcrack margins. Vertical distribution of the dolomite content 
in the sections indicate different episodes of dolomitization, of varying 
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intensity, at the end of each regressive cycle. This early diagenetic 
dolomite is representative of tidal flats undergoing sabkha diagenesis. 
Dedolomitization textures are easily recognizable in this limestone. 
Both petrographic and chemical studies (Ca and Mg scans across dolomite 
crystals) demonstrate dedolomitization. The degree to which individual 
dolomite crystals are affected is highly variable ranging from a small 
clot to a whole dedolomitized rhomb. Observation of these textures 
suggests that most have formed as a result of the centripetal type of 
dedolomitization. The complex nature of occurrence of the dedolomite 
fabrics has been the main obstacle in making a quantitative petrographic 
estimate of the dedolomite content. 
A first attempt has been made to estimate the dedolomite content 
by combining volumetric estimates of the dolomite content and their 
Mg/Ca molar ratios. Curves representing different percentages are 
constructed with the Mg/Ca = 1 curve corresponding to zero percent 
dedolomitization. As most of the dolomites in the study area are ideal 
dolomites, dedolomitization is implied for cases in which the dolomite 
content and the Mg/Ca ratio deviate from the Mg/Ca = 1 curve. The degree 
of dedolomitization in the studied sections ranges up to 69%. 
Vertical variation of the dedolomite content appears to be related 
to the regressive phases, generally being abundant in the supratidal 
environment or where supratidal is absent, in the upper intertidal 
environment of each cycle. Increase of dedolomitization towards the 
supratidal suggests that dedolomitizing solutions were derived from a 
landward source. The variable amount of dedolomite in the different 
depositional cycles indicates that dedolomitization occurred in episodes 
of various intensity at the end of each cycle. 
iii 
Trace element relationships inferred for dedolomitization are 
losses of Sr, Na and Mg, and a gain in Mn. The relationship or iron 
to dedolomitization remains uncertain. Sr and Mn concentrations 
obtained for the dedolomitizing solutions are similar to those of 
aragonite, implying that the transformation of aragonite to calcite had 
not been completed. 
The 15l80 values of dedolomites (-4.0 to -5.0%oPDB) are within the 
limits given by Keith and Weber (1964) for marine carbonates. The I 
I 
samples show a tendency towards a depletion in 180 with increasing 
dedolomite content. Water to rock ratios (open and closed system) and 
initial values of the dedolomitizing solutions show that sea-water 
could not have been responsible for dedolomitization. The 8180 values 
in the dolomites (-2.1 to -5.6%aPDB) are heavier compared to calcites 
analyzed from the same sample. It is believed that the initial enrichment 
prior to dedolomitization in dolomites must have been significantly 
different. The 8180 values in limestones (-5.4 to -8.6%aPDB) reflect 
re-equilibration. Comparison with recent rain and cave waters shows 
that this re-equilibration most probably took place during early 
diagenesis. The 813c values in dedolomites (+0.2 to -0.6%PDB), dolomites 
(+1.8 to -0.7~PDB) and limestones (+1.6 to -l.5%oPDB) are also 
believed to have undergone re-equilibration during early diagenesis. 
It is proposed that, in cases where the dedolomite fabrics have 
been recognized, the trace element concentrations for dolomitization may 
not be valid unless the geochemical changes due to dedolomitization are 
also taken into account. 
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STATEMENT OF PROBLEM 
Chapter 1 
INTRODUCTION 
The aims of the study are to reconstruct the depositional and 
diagenetic environments of the Ordovician limestone exposed at Gunns 
Plains, independea~ly and collectively from petrographic and geo-
chemical criteria, and on lateral and vertical successions of facies. 
Most studies dealing with ancient carbonate rocks emphasize the 
physical and biological characteristics of a depositional setting, 
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in addition to the lateral and vertical facies relationships. This 
study uses the same integrated approach. The investigation of 
diagenesis differs from other studies in that the process of dedolomiti-
zation has also been considered in addition to the commonly discussed 
dolomitization process. This is the first study to propose a method 
for estimating the dedolomite content and to indicate its relationship 
with some trace elements commonly thought to be associated with 
dolomitization. Knowing the overprints of dedolomitization on the 
dolomites allows for a clearer understanding of the dolomitization 
process in terms of trace element geochemistry. Additional evidence is 
discussed on the basis of Scanning Electron Microscopy (SEM) and on 
stable isotopic variation in oxygen and carbon. 
LOCATION 
Gunns Plains, named after the first man to survey the region in 
1860, lies between latitudes 41°15' and 41°21' south and longitudes 
146° and 146°04' east in the north-west of Tasmania (Fig. 1.1). 
Access to Gunns Plains is along a 32 kilometre all-weather metalled 
road, which joins the Bass Highway at Ulverstone. 
PHYSIOGRAPHY 
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At the southern extremity of the Dial Range, the hill-locked 
valley of Gunns Plains is 8 kilometres in length from north to south. 
The River Leven flows along the western side of the valley. The 
topography is conditioned by the different rock types. The valley floor 
has been la¥gely carved out of the limestone, while at the northern 
and southern extremities are narrow gorges cut into hard conglomerates 
and other older resistant rocks. Underground streams, sink holes 
and cavern~ typical of the limestone terrains influenced by the 
karst cycle, are well developed. 
ME1HODS 
An initial reconnaissance of the area was undertaken in July 1975. 
Due to the discontinuous nature of the outcrops, a continuous strati-
graphic section could not be obtained. Sampling was subsequently 
limited to five outcrops designated GPR, GPD, GPB, GPW and GPL 
(Fig. 1.2). Samples were collected at each major lithological change 
except in sections GPW and GPL where more detailed sampling was carried 
out. A Jacobs staff and tape were used to measure the stratigraphic 
thicknesses on traverses at right angles to strike to within the nearest 
centimetre. 
All specimens were cut and polished in the laboratory. Thin 
sections and acetate peels (both unstained and stained with Alizarin-red 
and potassium ferricyanide) were prepared from the polished slabs, 
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Kilometres 
Fig. 1.2 Simplified geological map showing sampled 
outcrops. The letters shown refer to 
stratigraphic sections (see also 
Figs. 2.1 and 2.2). 
4 
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and studied under the microscope. All the observable petrographic 
features of each sample were ent~red on petrographic data recording 
sheets (Appendix A). For the description of the rocks, the terminology 
and classification scheme of Folk (1962) is applied with some modifications. 
Carbonate rock types identified are listed in Appendix A.l. 
A fresh slab of each sample from sections GPW and GPL was finely 
crushed, dissolved in lN hydrochloric acid (Appendix B.l) and 
standard solutions prepared (Appendix B.2). The insoluble residue 
pqrcentages were determined and the soluble carbonate fractions analysed 
for Ca, Mg, Sr, Mn, Fe and Na using atomic absorption spectroscopy 
(AAS; Appendix C.l). Chemical data is listed as Appendix C.2. Twenty-
one samples from sections GPL and GPW were analysed by X-ray 
Fluorescence (XRF) for major and minor elements (Appendix D). 
In addition, twenty samples were analysed by X-ray Diffraction (XRD; 
Appendix E). Thirty-two limestones, dolomitic limestones and dolostones, 
and dedolomites were analysed for stable isotope variation in oxygen 
and carbon. Five samples were selected for electron microprobe analyses 
(Appendix F). 
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CHAPTER 2 
GENERAL GEOLOGY AND STRATIGRAPHY 
PREVIOUS WORK 
No detailed sedimentological work on the limestone had been carried 
out prior to the present study, although numerous workers have contributed 
towards the understanding of the geology of the area with emphasis on 
palaeontology, stratigraphy, structure and economic aspects. 
Twelvetrees (1903, 1909) was the first person to assign the 
limestone at Gunns Plains to the (Ordovician) Gordon River Limestone, 
earlier recognized by Gquld (1866) as a separate unit of "Early Silurian" 
age. Hughes (1957) and Banks (1962) have sununarized the earlier works 
in their reviews. A detailed geological map (the Sheffield Quadrangle, 
1 inch to 1 mile) was compiled in 1959 by Jennings, Burns, Mayne and 
Robinson of ~he Department uf Ml11es. Later, Durns (1963) a.nd Jago et al. 
(1977) made some modifications. 
GEOLOGICAL SETTING 
The Palaeozoic deposition began in narrow troughs developed between 
and within Precambrian blocks. These troughs formed part of the Tasman 
Geosyncline (Schuchert, 1916) which extended along eastern Australia from 
Queensland to Tasmania. In Tasmania the central Precambrian region (like I 
the others in Tasmania) became a geanticline during the Cambrian and is 
known as the Tyennan Geanticline. Rocks of the Tyennan Geanticlirie were 
metamorphosed during the Precambrian Frenchman Orogeny .. (term introduced 
by Spry, 1962, p.124). Similar rocks constitute the Forth Nucleus (term 
introduced by Burns, 1963, p.43), northeast of Gunns Plains, on the north 
coast. The Rocky Cape Geanticline, to the west of the Forth Nucleus and 
the Badger Head Geanticline, to the east are the other Precambrian 
blocks of the region. The Precambrian rocks in the Rocky Cape and 
Badger Head Geanticlines are comparatively unmetamorphosed (Burns, 1963), 
but were extensively folded during the Penguin Orogeny (Penguin Movement 
of Spry, 1962, p.124). 
Between the Rocky Cape and Tyennan Geanticlines and the Forth 
Nucleus, the main area of Cambrian deposition was the Dundas Trough. 
It formed an arcuate belt around the northern and western margins of the 
Tyennan Geanticline. Close to the ~dge of this belt are acid to inter-
mediate volcanic rocks forming what is known as the Mount Read Volcanic 
Arc. It is intruded by granites (Williams, 1976). 
The north trending off shoot of the Dundas Trough between the Forth 
and Rocky Cape Geanticline is the Dial Range Trough (Burns, 1963, p.43). 
It broadens at the southern end near Gunns Plains to join the regional 
Dundas Trough (Burns, 1963, p.75). Gunns Plains is thus situated close 
to the junction of two major Cambrian troughs. 
CAMBRIAN STRATIGRAPHY 
The Cambrian rocks occurring in the Dial Range Trough were 
correlated by Banks (1956) with the Dundas Trough on the West Coast of 
Tasmania. In the Dial Range, north Gunns Plains area, the Cambrian rocks 
vary in thickness from about 1790 m to more than 3175 m (Burns, 1963). 
The oldest rocks are the massive intermediate to acid volcanic rocks 
more than 300 m thick called the Lobster Creek Volcanics followed 
unconformably by more than 1120 m of predominantly mudstones belonging 
to the Cateena Point Subgroup. Unconformably overlying the Cateena Point 
Subgroup rocks is the Barrington Chert varying in thickness from 75 m to 
more than 850 m. They grade laterally into the Radfords Creek Subgroup 
8 
rocks consisting predominantly of mudstones. No complete succession 
has yet been established for this Subgroup. In the southern Gunns 
Plains area, rocks equivalent to those in the northern part are found. 
These correlates of the Dundas Group are also described as the Gog Range 
Greywacke (Jennings e~ aZ., 1963) of unknown thickness. Burns (1963) 
identified quartzite conglomerates consisting of rounded pebbles in a 
matrix of quartz sand in them and correlated these with the Radfords 
Creek Subgroup. 
The Cambrian rocks underwent deformation during•and after their 
deposition. Carey and Banks (1964) named this deformational phase the 
Tyennan Orogeny, and the unconformity between the Dundas Group (and its 
equivalents) and the overlying Ordovician Junee Group rocks the Jukesian 
Movement. According to Burns (1963), Cambrian sedimentation ceased in 
the Dial Range Trough on the formation of an axial anticlinal structure 
during the Jukesian Movement. 
ORDOVICIAN STRATIGRAPHY 
Unconf ormably overlying the Cambrian rocks of the Radfords Creek 
Subgroup in the north Gunns Plains area and the Gog Range Greywacke in 
the south are siliceous elastics which have been correlated with the 
Ordovician Owen Conglomerate (Bradley, 1954). These terrestrial and 
shallow marine conglomerate beds and sandstones are conformably overlain 
by a limestone sequence and together they represent the Ordovician 
Junee Group at Gunns Plains. 
I 
In the type area (the Florentine Valley), the Junee Group rocks 
I 
cover virtually the whole Ordovician Period. It is divided into a lower, 
dominantly elastic sequence (Penison Subgroup) and an upper carbonate 
sequence (Gordon Limestone Subgroup) (Corbett and Banks, 1975). 
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In much of Tasmania, the basal member of the Junee Group is a conglomerate 
which passes up into a sandstone termed the Moina Sandstone (Jennings 
et.al., 1959) or the Caroline Creek Sandstone (Banks, 1962). Overlying 
the sandstone is the Gordon Limestone Subgroup, although in the Florentine 
Valley (type area), the sandstones are overlain by mudstones of the 
Florentine Valley Formation.' 
Denison Subgroup 
The sandstone (Moina Sandstone) and conglomerate (Roland Conglomerate) 
grouped by Johnston (1.888) into the Magog Group occur in the southern 
Gunns Plains area. The Roland Conglomerate unconformably overlies the 
Cambrian Gog Range Greywacke and the basal beds usually contain fragments 
of the underlying Cambrian rocks. The typical rock is a dense recrystallized 
quartz conglomerate composed of subrounded quartz, quartzite and quartz 
schist fragments. There is a general decrease in grain size and increase 
in degree of sorting and roundness of the pebbles upwards. The Roland 
Conglomerate is terrestrial and probably fluvial in origin (Jennings, 
1963) . 
Lying unconformably above the Roland Conglomerate is the Moina 
Sandstone, in which, besides sandstones and quartzite are conglomerate 
beds which resemble the underlying Roland Conglomerate. With the onset of 
Moina Sandstone deposition, the environment changed to shallow marine as 
indicated by the occurrence of tubicolar casts, a few brachiopods, 
gastropods and trilobite fragments. South of Buttons Rivulet, no exposure 
of limestone was seen by the author (this area being covered by Quaternary 
talus), although limestone is shown on the Sheffield Quadrangle map 
(Jennings et al., 1959). 
At the northern end of Gunns Plains, the elastics underlying the 
Gordon Limestone are called the Dial Subgroup (Burns, 1963, p.135). 
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The succession is Gnomon Mudstone conformably or unconformably overlain 
by the Duncan Conglomerate, which is followed by the Moina Sandstone. 
The Moina Sandstone, underlying the Gordon Limestone (section GPR), in 
Kaines Creek and Walloa Creek (see fig. 1.1) is represented by a conglom-
erate. This conglomerate differs from the Duncan Conglomerate in the 
type of pebbles, a higher degree of sorting and by the occurrence of 
well-defined beds of fine to medium sandstone. The conglomerate has a 
sand-size matrix of rock fragments forming up to 30% of the rocks. Nearly 
50% of the pebbles are composed of rounded, subspherical, white quartz 
with a mean diameter of about 25 mm. Subrounded pebbles of 50 mm mean 
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diameter form about 20% of the rock, while micaceous quartzite pebbles 
having a mean diameter of about 75 mm total about 30% of tho rock. 
In some of these conglomerates, 60% of the pebbles have a mean diameter 
of about 17.5 mm and are composed of white quartz. 
llnlike material in the Roland Conglomerate (south of Gunns Plains), 
which has been mainly derived from Cambrian rocks, the pebbles at the base 
in the conglomerate north of Gunns Plains (below section GPR) are 
composed of Precambrian rocks. On the basis of this lithological 
dissimilarity, Burns concluded that the Magog Group and Dial Subgroup 
rocks were deposited at the same time, but in different basins of sediment-
ation under different conditions of transport. 
Gordon Limestone Subgroup 
The only detailed stratigraphic studies of the Gordon Limestone 
Subgroup have been done in the Florentine Valley (type area) and at Mole 
Creek. In the type area, the Gordon Limestone Subgroup is represented by 
a 2000 rn sequence, dominantly of limestone, ranging in age from Arenigian 
(the Karmberg Limestone) to Early Llandoverian (the Westfield Beds) 
(Corbett and Banks, 1974). 
12 
The succession in the Florentine Valley is as follows (after 
Corbett and Banks, 1974): 
Westfield Beds 
GORDON Upper Limestone Member 
Benjamin Limestone Lords Siltstone 
LIMESTONE Lower Limestone Member 
Cashions Creek Limestone 
'SUBGROUP 
Wherrets Chert Member 
Karmberg Limestone 
Overlying the Florentine Valley Formation (Denison Subgroup) is 
the Karmberg Limestone. It consists of calcareous siltstone and impure nodular 
limestone at the base, followed by a 100 to 180 m thick cherty limestone 
(Wherrets Chert Member). Above this micritic limestone is a thick 
bedded oncolitic limestone formation (of Chazyan age) called the 
Cashions Creek Limestone. The Cashions Creek Limestone is followed 
upwards by the 1200 m thick Benjamin Limestone ranging in age from 
Chazyan to Maysvillian. It is divisible into two limestone members named 
the Lower and Upper Limestone Members and separated in places by a 
siltstone member (the Lords Siltstone). Overlying the Benjamin Limestone 
is a siltstone and sandstone unit called the Westfield Beds. 
At Gunns Plains, the carbonate rocks are over 450 m thick. The 
contact between these carbonate rocks representing the Gordon Limestone 
Subgroup and the underlying elastics, equivalents of the Denison Subgroup, 
is not exposed at either end (northern and southern) of the Gunns Plains 
syncline. The top of the limestone is also commonly covered by Tertiary 
basalts, although in the centre of the syncline, south of the Gunns Plains 
Cave there is a small outcrop of quartzite, the lowest unit of the 
Silurian and Devonian Eldon Group. 
NW SE 
0 1 2 3 
Kilometres 
- NE 
Fig. 2.1 Simplified cross-section of the Gunns Plains Limestone, 
also ~howing the position of the sections. 
SW 
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As the limestone occurrence at Gunns Plains is a mappable unit, it 
can be described as a formation. The name Gunns Plains Limestone is 
proposed for this mappable unit. A continuous stratigraphic section 
could not be obtained due to the discontinuous nature of the outcrops. 
However, a composite section can be made from the sampled outcrops, 
whose relationship is shown in a cross section (fig.2.D. 
Various carbonate, rock types in these predominantly well-bedded, 
micritic, dolomitic limestones have been recognized. Lithologicallly 
they are similar to the Benjamin Limestone in the Florentine Valley. 
The Gunns Plains Limestone represents mostly progradational tidal flat 
sequences, which in vertical succession show asymmetric cyclicity. 
Detailed lithological description and a discussion of the depositional 
environments of the individual sections are discussed in the following 
chapters. The generalized stratigraphic column (composite section) 
and the major palaeo-environmental interpretation of the Gunns Plains 
Limestone is shown in fig. 2.2. Sections GPB, GPW and GPL are lateral 
equivalents. The upper part of the composite section is from section 
GPW, as it has the maximum thickness. Although the upper limit of 
section GPW is covered by Tertiary basalts, its proximity to the top of 
the measured (composite) section is thought to be within 100 m. 
The base of the composite section is represented by section GPR, where 
faults and folds occur. This complicated structure and the thick 
vegetation cover made the measurement of stratigraphic thickness difficult. 
Repetition of beds is a possibility and therefore the thickness shown for 
section GPR may not represent the correct thickness. 
' The fossil content in the Gunns Plains Limestone is variable 
ranging from 0% to 56% by volume in the studied samples. The average 
fossil content in the sections is as follows: GPR - 7%, GDP - 8%, 







mostly intertidal and subtidal 
mostly supratidal and intertidal 
mostly supratidal and subtidal 
mostly intertidal and subtidal 
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Fig. 2 .'2 Generalized stratigraphic column (composite section) 
and the dominant environment of deposition. For details 
of vertical distribution of the microfacies and 
depositional environments, see Figs. 3.25, 3.26, 3.27, 
3. 28 and 3. 29. 
of brachiopods, bryozoans, corals, crinoids, gastropods, pelecypods; 
or individual fossil types may be present. Banks (1957) recognized 
corals such as PY.opora, heliolitids, favositids, FavisteZZa and 
colonial stauriaceans; stromatoporoids; the bryozoan Rhinidictya; 
rhynchonnell:id brachiopods and trilobites from section GPW. He recognized 
Tetradium, heliolitids, FavisteZZa; Rhinidictya; rhynchonnellids, and 
asaphid trilobites from section GPL. 
In specimens gathered during this study, orthoconic nautiloids 
were found to occur in sections GPW and GPL; and filamentous algae in 
section GPW. Kenna (pers. comm., 1979) identified corals Tetradium 
petaliforme in section GPR; PY.opora cf. hirsuta, Foerstephytlum of 
vacuum group and a stromatoporoid, ?Beatricea, from section GPW. 
Surrett (1978) identified the conodont fauna Phragmodus undatus, 
Plectodina cf. furcata, Drepanoistodus sziberectus, BeZodina corrrpressa, 
Chirognathus monodactyZus, PZectodina acuZeata and Panderodus graciZis 
from sections GPW and GPL. The conodont fauna indicates a Blackriveran 





The parameters used for defining lithologies in the field do not 
correspond accurately with those used for microscopic description. 
Thus, the differentiation into carbonate rock types in the field was 
only a rough approximation. Amongst the different carbonate rocks, 
biomicrites are easily recognizable. They mostly occur in thin bands, 
except near the top of section GPW where they are more widespread. 
The limestone is generally well-bedded, although some units 
which appear to be single beds are in fact seen to be thinly laminated 
• 
~ under the microscope. Wherever parting planes were observed, they 
I· 
L 
seemed to correspond to the original bedding planes. Graded-bedding 
an<l cross bedding on a mcsoscopic scale were not seen. 
V-shaped mudcracks are commonly observable, whereas stylolites, 
even if present, are not always observed. Among stylolites, the 
saddle and lobe pattern of variable frequency is most cornrnon and is 
generally parallel to bedding. Cross-cutting stylolites and stylolites 
cutting across bedding were also observed, but not commonly in section 
GPR. 
The dolomite layers are more coarse-grained than the limestones. 
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They are dominantly yellowish-brown and show positive relief on weathered 
surfaces. This could be ascribed to differential weathering. Dolomitic 




The features observed during the petrographic examination of 
peels and thin sections are outlined in the petrographic data recording 
sheet enclosed as Appendix A. Included are petrographic variables like 
volumetric percentages of allochems, fossil types, intraclast composition 
and shape; depositional textures - homogeneity, grain groundmass ratio, 
textural maturity; structures - birdseyes, bioturbation, mudcracks, 
sedimentary unit thickness; diagenetic fabrics - spar type, dolomite 
colour, size, shape and fabric; dedolomites; vanished evaporites. All 
the petrographic properties were quantified after a scheme developed 
by Rao and Naqvi (1977) . 
In order to identify the carbonate rock types, the terminology 
and classification scheme developed by Folk (1959, 1962) was used with a 
few modifications. This scheme was preferred primarily for the reason 
that it provides a framework in which a number of new parameters can be 
included without affecting.the relationship between the allochemical 
(carbonate grains) and orthochemical (matrices or bonding agents) 
constituents. 
Due to the significance of the allochems in naming carbonate rock 
types according to Folk's classification, their occurrence and associated 
sedimentary structures are detailed below and are followed by a 
description of the major carbonate rock types in the Gunns Plains Limestone. 
The vertical distribution of the allochems and structures in the measured 
sections is shown in Figs. 3.25, 3.26, 3.27, 3.28 and 3.29. All percent-
ages mentioned for the allochems are volumetric estimates. 
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AL LO CHEMS 
Fossils 
Fossils in the form of skeletal debris are the most common allo-
chemical constituents of the Gunns Plains Limestone. The percentage of 
samples in the measured sections which contain at least one percent, 
of skeletal debris is as follows: .GPB = 63%, GPW = 73%, GPL = 95%, 
GPD = 83% and GPR = 65%. Most of the fossils have been recrystallized 
and this, combined with the fact that in peels the fossil debris is seen 
in two d~mensions only has made it difficult to identify most of them 
below Phyllum or Class level. (For species identified by different, 
workers, see Chapter 2, p.16.) 
The most abundant fossil remains are those of gastropods and 
brachiopods occurring independently or in association with other types 
like cal~areous algae, bryozoans, corals, echinoderms, nautiloids, 
sponge spicuJe5, pP.lP.cypods, stromatoporoids and trilobite fragments. 
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In a very few samples, bryozoans, pelecypods or stromatoporoids were 
found to be the only fossil representatives. The common size of 
skeletal debris is about 6 mm, but all size ranges from 0.01 mm to >6 cm 
(a stromatoporoid) occur. Although very fine skeletal grains cannot 
be recognized as such [as Feray et al. (1962) have shown after experi-
mental crushing of shell material], their contribution to the Gunns 
Plains Limestone is most likely very significant even though the 
origin remains unknown. 
The skeletal grains occur mostly in association with other kinds of 
allochems. Intraclasts followed by pellets (pelloids) were the most 
frequently found allochems in association with the skeletal grains. 
Post-depositional changes, commonly resulting in recrystallization, affect 
nearly all the samples and may lead to total obliteration of the grains. 
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Microsparite formed as a result of recrystallization was found to have 
affected the echinod,ermal plates less than other skeletal grains. 
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Ferroan calcite spar is not common and only rarely the replacement 
of shell structure by ferroan dolomite was observed. Wave-action was 
possibly the main agent responsible for the well-fragmented skeletal 
grains. Micrite envelopes are common. Geopetal fabrics are not always 
present, and the same holds true for sparry cement fillings. 
Intraclasts 
Following Folk (1962), the term intraclasts is here limited to 
allochems larger than 0.2 nun in diameter. In the measured sections, 
the percentage of samples which contain at least one percent intraclasts 
as their allochemical constituent is as follows: GPB = 55%, GPW = 53%, 
GPL = 47%, GPD = 27% and GPR = 38%. The size range of intraclasts varies 
from the minimum limit of 0.2 nun to 30 nun, although the common range in 
the studied samples is between 4 nun and 10 mm. All shapes from angular 
to rounded were observed but predominantly the intraclasts are subangular 
to subrounded. Generally the larger intraclasts, except the flat-pebble 
conglomerates, are angular in shape and commonly show brecciation, while 
the other smaller intraclasts are mostly the result of erosion and 
reworking of earlier deposited sediments. 
The intraclasts are commonly composed of micrite, -but others 
composed of biomicrite, pelmicrite and dismicrite are also present. 
Another notable feature of some intraclasts is their dolomitic composition 
(see Figs. 3.5, 3.18 and 3.20) with no dolomite being present in the 
surrounding matrix. In a few samples, intraclasts ranging in size from 
fine sand to conglomerate-size occur (Figs. 3.22 and 3.23). These 
grains seem to be erosional rather than of faecal origin. In the studied 
samples, intraclasts may be the only allochems present or they may occur 
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in association with fossils, pellets, oolites, oncolites and algal mats. 
Sedimentary structures - birdseyes, mudcracks and bioturbation features 
may or may not be present in association with the intraclasts. 
Pellets 
Pellets as defined by Folk (1959) are "structureless", rounded, 
spherical to elliptical or ovoid micritic grains less than 0.2 nun in 
diameter. McKee and Gutschick (1969) proposed the name "Peloid" 
for pebbles of an indeterminate origin, but following Folk, the name 
pellet has been used in this study although probably all pellets are 
not of faecal origin. Their abundance in the.Gunns Plains Limestone 
shown as percentages of samples containing at least one percent pellets 
is as follows: GPB = 13%, GPW = 18%, GPL = 21%, GPD = 21% and GPR '= 38%. 
Pellets are probably more abundant in the measured sections than the 
visual estimates indicated. This is based on the observation that · 
pellets were often difficult to distinguish from the micrite matrix, and 
in some cases patchy recrystallization and dolomitization could be seen 
obliterating the original pellet texture. 
In the studied samples, most of the pellets are brown 1n colour and 
vary in shape from spherical to ovoid. All sizes between 0.05 mm and 
0.2 nun were observed, but conunonly the pellets in a single sample are 
characterized by one size only. The pellets occur in a micrite matrix 
or surrounded by'sparry calcite cement. Usually spar cemented pellets 
have hazy boundaries, probably indicating incipient recrystallization 
spreading from the cement into the pellets. In a very, few cases, 
gradations from pellets in a micrite matrix to .spar-cemented pellets can 
be observed in a single sample. The pellets may occur in association 
with other allochems. Skeletal grains in subordinate or dominant amounts 
to the pellets are the most frequently found allochems, followed by 
intraclasts. 
Oolites 
Oolites as defined by Folk (1959) are particles which must show 
radial or concentric structure, or both. In the present study the 
term "ooli te" following Rao and Carozzi (1971), is used to designate a 
grain which consists of a core (nucleus) and an accretionary envelope 
showing fibro-radiated structures, or both. 
No oolites were found to occur in sections GPB, GPD and GPR. 
Even in sections GPW and GPL they are rare, only 2% of the samples in 
section GPW and 6% in section GPL contain 1 to 17% oolites. All 
ooli tes are less than 0.5 nun in diameter and have been affected by re-
crystallization to varying degrees. Mostly the original nuclei have 
acted as centres of recrystallization resulting in a pseudospar 
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fabric containing ghosts of the oolitic nuclei. A few oolites have core 
linings of fibrous calcite. Sometimes recrystallized, well-rounded 
grains without any visible internal structure (as in Fig. 3.19) occur 
associate.cl with the oolites. These have been included with oolites in 
the present study. Oolites with concentric structure were not observed 
in the Gunns Plains Limestone. In all cases, the oolites occur assoc-
iated with other allochems, skeletal fragments being the most frequent 
in a micritic or sparry matrix. 
STRUCTURES 
While undergoing deposition and diagenesis the carbonate rocks 
acquire some characteristic features which affect not only the allo-
chemical constituents but the matrices also. These primary and 
secondary features (structures) in certain combinations help in 
deciphering the natural sequence of events in ancient carbonate rocks by 
analogy with the recent. The sedimentary structures observed in the 
studied samples are laminations, bioturbations, birdseyes and mudcracks. 
Laminations 
The Gunns Plains Limestone at mesoscopic scale is a well-bedded 
sequence. Under microscopic examination some samples in all the 
sections were observed to be thinly laminated with the individual 
laminae less than 1 mm in thickness. The laminae within a sample may 
be parallel to each other, either flat or wavy, or they may be 
truncated by overlying laminae. They are of micritic or dolomitic 
composition. In some cases, skeletal fragments and burrows with distinct 
outlines are present. 
The wavy, laminated dolomicrite containing mostly anastomosing, 
black (organic) laminae and rarely very small unrecognizable skeletal 
debris are considered to represent algal mats. They correspond to the 
cryptalgalaminated sediments of Aitken (1969) and are stromatolites by 
the definition of Logan et al. (1964), but they differ from other 
stromatolites in lacking pronounced doming. The algal mats are common 
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in all the sections. 
Current laminations, another distinct type, were also recognized 
in sections GPB and GPW. They are best represented in section GPW 
between 27 and 32 m above the base. Broken shells, oriented randomly 
in some cases or with the convex side up in others, are found in these 
current laminated rocks. Shells with the convex side up acted as "tent 
structures" during dolomitization, so that no dolomite occurs immediately 
underneath them (see Fig. 4.4 ) . Scour-and-fill structure, horizontal 
lamination, vertical burrows, a few oolites and intraclasts also occur. 
One sample (49099) shows cross-bedding. 
1mm 1 
Fig. 3 .1 . Micrite with vertical and horiMntal burrows. Note 
occurrence of dolomite within two burrows. 
1 250.Llt 




The bioturbation structures record the activity of organisms 
after deposition, but before lithification. In this study, the term 
"bioturbation structure" refers to burrows greater than 1 mm in 
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diameter. Thus, they are differentiated from borings which are usually 
less than 1 mm in diameter. The bioturbation structures were found to 
occur in all the measured sections of the Gunns Plains Limestone. 
Burrowing could not be quantified in the same way as allochem percentages, 
but for each sample, i~ present, the type of burrow (vertical, 
horizontal or random) was recorded. If 0 to 25% of the peel/thin section 
showed burrows, it was recorded as rare, 25 to 50% as common and 
above 50% as abundant. The burrows usually stand out as circular to 
elongate disruptions of the matrix. They are mostly filled with 
dolomite and in some cases, a slightly different sediment type than the 
matrix occurs within the burrows which may contain very small skeletal 
fragments with slightly swirled fabric. When observed, the full length 
of the burrows is greater than the width. In laminated sediments, 
especially in section GPB, vertical burrows with distinct outlines 
commonly disrupt the laminae. These burrows unlike some others of 
uniform width are wider near their openings. Overall the burrows in the 
Gunns Plains Limestone constitute what Seilacher (1967) terms the 
"Skolithos" and''Cruziana" facies. 
Birdseye Structures (also referred to as fenestral fabrics by Tebutt 
et al., 1965) 
following Shinn (1968), the term "birdseye structure" is used to 
designate tiny blebs of calcite or anhydrite. These structures are 
common in the Gunns Plains Limestone and like the bioturbation structures, 
their abundance in each sample was recorded as rare (0 to 25%), common 
(25 to 50%) or abundant (over 50%) . Shinn (1968) recognized two types 
of birdseye planar and bulbous (bubble-like) vugs. In the studied 
samples, the bulbous type, commonly ranging in size from 1 mm to 4 mm 
and filled with calcite, is the dominant form. All the measured 
sections contained samples with birdseyes, occurring with or without 
allochems, burrows and mudcracks. 
Mudcracks (Dessication cracks) 
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All the measured sections in the Gunns Plains Limestone showed 
abundant mudcracks. They are mostly intralaminar mudcracks commonly 
varying from 4 mm to 10 mm in polygon diameter. In plan view, the , 
mudcracks showed curvilinear or nearly rectilinear sides. Dolomitization 
has resulted in obscuring the boundary between the polygons. The mud-
cracks were found to occur in samples containing all types of allochems. 
In a few cases, birdseyes were observed in the mudcracked polygons. 
The significance of the above-mentioned variables in deciphering 
depositional environments is well-documented in the literature. 
Table 3.1 compiled from many sources lists most of the variables and 
their depositional environments. In ancient carbonate rocks, the 
depositional environments are interpreted by analogy with modern areas 
such as Persian Gulf, Shark Bay, Bahamas and others (see Bathurst, 1976 
for summaries of many workers' results), and the petrographic variables 
listed in Table 3.1 are believed to be the imprints of the physical, 
biological and chemical conditions that characterized the depositional 
setting (e.g. Rigby and Hamblin, 1972; Ginsburg, 1975). 
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Table 3 .1 
IMPORTANT INDICATORS USED IN DELINEATING DEPOSITIONAL ENVIRONMENTS 
(Compiled from many sources.) 
Intertidal 
Indicator Supra tidal Upper Lower Sub tidal 
Birds eyes ---------
Mudcracks P-------
Vertical ----------- ---------burrows 
Random ----- ----------burrows 







Gastropods ------------ ------------ ----






CARBONATE ROCK TYPES (MICROFACIES) 
It has been mentioned previously (p. 18 ) that for each sample 
studied a petrographic data recording sheet enclosed as Appendix A was 
used. Based on this recorded data, the following is a general descrip-
tion of the carbonate rock types and their interpreted depositional 
environment. These carbonate rock types are considered as microfacies 
following Gubler et ai. (1967). 
1. Micrite 
The most abundant constituent of the carbonate rocks in the : 
study area is micrite, which commonly occurs in association with allo-
chems. Micrite in the absenc~ of allochems (pure micrite) can form a 
rock in its own right (Folk, 1959, p.68). Only 4% of the samples from 
section GPR in the Gunns Plains Limestone do not contain any allochems 
or birdseye structures and thus are "micrite" carbonate rock types. 
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The notable feature of these samples is that abundant burrows 
(random) have disturbeq the homogeneous character of the rocks as in 
Fig. 3.1. It can be seen that the micrite in the burrows is slightly 
lighter in colour than the yellowish-brown micrite of the matrix or the 
burrows may be partly or completely filled with dolomite (see also 
Fig. 4. 3) . 
Studies of recent carbonates show that pure carbonate mud accumulates 
in a range of environments grading from the backreef lagoons (e.g. British 
Honduras, Florida Bay) to the tidal flat complex (e.g. Bahama Bank). 
Micrite is of polygenetic origin (Lobo and Osborne, 1973) and is inter-
preted to have' formed from such lime muds. Presence of random burrows, 
and absence of birdseyes and mudcracks suggests a probable subtidal 
environment of deposition for this microfacies in quiet water conditions. 
250~ 
Fig . 3. 3. Fossiliferous Micrite. Note the wide variation in 
grain si~e of fossils. 
500V 
Fig . 3. 4. Fossiliferous Micrite. Note moulds of fossils with 
early and late diagenetic cements . 
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2. Fossiliferous Micrites (fossil-bearing micrite) 
This is described as micrite having fossils ranging up to 10% as 
the only allochems. The grain to groundmass ratio in all cases is less 
than 1:9. The percentages of fossiliferous micrites in the studied 
sections are GPB = 15%, GPW = 21%, GPL = 31%, GPD = 35% and GPR = 13%. 
The mean content of fossils in the fossiliferous micrites is 5%. 
Commonly the fossils like those shown in Fig. 3.3 occur as broken, dis-
oriented fragments scattered randomly in a micrite matrix. There is a 
wide variation in the grain size of skeletal debris and often the type 
of fossil cannot be determined due to their small size with even some 
so small as to make it difficult to differentiate from the micrite 
matrix. In some samples, diverse fossil types like algae, brachiopods, 
bryozoans, crinoids and trilobite fragments are recognizable or rarely 
the fossils may occur as moulds filled with early and late cements 
(Fig. 3.4). Some shells in section GPW are oriented with their convex 
side up (Fig. 4. ~). The micrite is visible only beneath the shell, 
elsewhere being replaced by dolomite. The distribution of birdseyes, 
mudcracks and burrows in the studied sections is shown below (see also . 







in 60% samples 
rare, common 
or abundant 
in 43% samples 
common 
in 43% samples 
rare to common 
in 15% samples 
common 
in 50% samples 
rare 
Mudcracks 





vertical - common 
random - rare 
in 50% samples 
vertical - rare, 
common or abundant 
mostly vertical -
common. In some 
random - common to 
abundant 
vertical - common 
random - common 
dominantly vertical 
ranging from common 
to abundant. 
The dominance of unrecognizable broken forms even in samples with 
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no visible bioturbation structures suggests extensive fragmentation and 
abrasion of skeletal material. On the other hand, absence of spar in 
the samples suggests lack of winnowing and indicates that overall quiet 
water conditions prevailed in the environment. Most of the samples 
contain birdseyes and/or mudcracks, which are significant indicators of 
subaerial exposure. Also, vertical burrows (for environmental range 
see Table 3.1) are more common than the random burrows. The fossiliferous 
micrites are believed to have formed mostly in the intertidal and supra-
tidal environments, although a few samples containing algae, bryozoans, 
pelmatozoans and trilobite fragments with no birdseyes and mudcracks 
are interpreted to have formed in the subtidal environment. Samples from 
section GPW with convex side up oriented shells are believed (Reineck 
and Singh, 1975, p.176) to have formed in channels. 
3. Intraclast-bearing Micrite 
Intraclast-bearing micrite is defined as micrite having intraclasts 
as the only major allochems. Skeletal debris, if present, constitutes 
250JJ 
Fi g . 3. 5. lntr a cl a st bea ring finely cryst a lline 
equigranular dolomite . Note dolomitization of 
intraclast and wide va riation in dolomite cryst a l 
size within intraclast. 
1mm 
Fi g . 3. 6. Mudcr a c ked , do l om i t ic, in t r a cl as t bea ring 
foss ili fe r ous micrit e . 
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less than 1% of the total allochemical content. The intraclasts in 
these micrites do not exceed 20%, thereby limiting the grain to ground-
mass ratio to being less than 2:8. The percentages of intraclast-
bearing micrites in the sections are GPB = 8%, GPW = 13%, GPL = 2% 
and GPR = 4%. No sample from section GPD belongs to this microfacies. 
Some of the obseFved features are sununarized below: 
Intraclast Shape Composition Birdseyes Burrows range 
GPB up to 14% angular to micrite rare to if present, 
sub angular common random-common 
GPW 14% subangular micrite, if present vertical-rare 
to rounded dolomite are rare random-rare 
to common 
GPL 11% subangular micrite rare to random-common 
abundant 
GPR 3% sub rounded micrite rare random-
to rounded abundant 
As mentioned above, the intraclasts are mainly composed of micrite. 
Except for the upper intraclast range of 14% and occurrence in a micrite 
matrix, they are quite similar to those occurring in the intrasparites 
(Figs. 3.17 and 3.18). The intraclasts composed of dolomite in 
section GPW may differ in that the dolomite is of variable size. 
Fig. 3.5 is a photomicrograph from section GPW showing an intraclast 
being replaced by dolomite of variable crystal size. Conunon to rare 
mudcracks are present in most of the samples. 
According to Folk (1962), intraclasts are commonly formed by 
erosion of a widespread layer of semi-consolidated carbonate sediment. 
This erosion may be submarine or due to wave attack on exposed mud-
cr~cked carbonate flats. Abrasion of these eroded fragments (intraclasts) 
results in their becoming rounded and indicates high-energy conditions. 
Mostly the intraclasts are subangular in shape, except the 3% of 
samples from section GPR and some from section GPR, which contain 
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subrounded to rounded intraclasts. This suggests that overall quiet 
water conditions prevailed at the time of deposition of this micro-
facies. Presence of mudcracks in most of the samples indicates 
subaerial exposure of the samples after deposition, which may or may 
not have been periodic. Additional evidence for subaerial exposure 
is provided by the occurrence of birdseyes in the mudcracked samples. 
An intertidal to supratidal environment of deposition is envisaged for 
this microfacies. 
4. Intraclast-bearing Fossil'iferous Micrite 
Intraclast-bearing fossiliferous micrite is defined as micrite 
containing less than 20% intraclasts and up to 10% fossils. Other 
allochems, if present, constitute less than 1% of the total allochemical 
content. The grain to groundmass ratio is less than 3:7. The percent-
ages of intraclast-bearing fossiliferous micrite samples in the studied 
sections are: GPB = 8%, GPW = 21%, GPL = 25%, GPD = 14% and GPR = 11%. 
Some of the observe~ features are detailed below: 
Intraclast mean Shape Fossil mean 
GPB 4% angular to sub- 5% 
angular 
GPW 4% angular to 4% 
rounded, but 
mostly subangular 
GPL 3% subrounded to 5% 
rounded - common 
angular to sub-
rounded - rare 
GPD 2% sub angular to 5% 
rounded 
GPR 6% angular to sub- 3% 
rounded 
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The intraclasts are dominantly composed of micrite, except some 
samples from section GPW, where the intraclasts like in the intraclast-
bearing micrites of this section show variable composition with both 
micrite and dolomite occurring in them. The fossils occur as broken 
pieces scattered randomly in the micrite matrix. They show a wide, 
variety, from very small unidentifiable fragments to recognizable forms, 
predominantly of brachiopods and gastropods. Rarely bryozoans 
(Fig. 3.6), pelmatozoans and trilobite fragments were observed. 
Samples containing only one type (mostly 
gastropods or brachiopods) are also present. Fig. 3.6 is a photo-
micrograph of a dolomitic intraclast-bearing fossiliferous micrite 
showing intraclasts, bryozoan and some other unidentifiable fossil 
fragments. No birdseyes were observed in section GPO. In other sections, 
when present, birdseyes are rare to common. About half the samples have 
mudcracks. Nearly all the samples contain vertical or random burrows 
ranging from rare to abundant. 
The occurrence of broken fragments in mostly burrowed rocks 
suggests that biological activity may have been responsible for this 
fragmentation. On the other hand, differences in roundness of the 
associated intraclasts, which is believed to reflect their abrasional 
history indicates wave activity as another possible mechanism. Thus 
the possibility exists of both biological activity and wave action as 
the agents responsible for skeletal fragmentation. The likely depositional 
environment for this microfacies is believed to have been the intertidal 
zone with only a few samples containing angular intraclasts, conunon 
birdseyes, mudcracks with or without vertical burrows being formed in 
the supratidal environment. 
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5. Other Allochem-bearing Micrites 
In additio~ to the above three common types of allochem-bearing 
micrites, other types were also recognized in the Gunns Plains Limestone. 
Allochems in various combinations occur.· If present, the intraclasts, 
oolites and oncolites are each less than 20%, and the fossils and 1 
pellets are each less than 10%. These rare combinations of allochems 
in a micrite matrix occur in sections GPR, GPL and GPW where they form 
19.: 0, 6% and 2% of the samples respectively. 
The combination of allochems observed were pellets (range 3 to 6%) 
and fossils (2 to 8%); pellets (2 to 4%), fossils (6 to 8%) and intra-
clasts (2 to 7%); fossils (4 to 7%) and oolites (up to 15%); fossils 
(3 to 7%), intraclasts (up to 3%) and oolites up to 3%); or fossils 
(3 to 7%), pellets (up to 6%) and oolites (5 to 13%). 
Fig. 3. 7 is a ·.photomicrograph of one such sample from section GPL 
showing unidentifiable broken skeletal debris, pellets and angular to 
subrounded intraclasts. Overall micrite predominates over spar in the 
sampl·e. In other samples fossils show all gradations from very small 
unidentifiable fragments to recognizable fragments (mostly brachiopods, 
gastropods and trilobite fragments). Pellets are sparsely distributed 
and not concentrated at one place. The intraclasts are composed of 
micrite and vary in shape from subangular to rounded. Oolites showing 
radial structure with recrystallized nucleus or ghosts of oolites with 
no visible structure usually occur surrounded by microsparite, but 
micrite predominates in the whole sample. Commonly birdseye structures 
and mudcracks are absent, but bioturbation structures are present.1 
In addition to the above-mentioned combinations of allochems, a single 
sample each from sections GPR and GPW consists of algal micrite. 
Fig. 3.2 is a photomicrograph of such a sample. The mudcracked algal 
mat layers have been disturbed by abundant vertical burrows of variable 
250,,tl 
Fig. 3. 7. Micrite grading into sparite with fossils, pellP-ts 
and intraclasts. 
Fig. 3 . 8 . Dismicrite with abundant bulbous birdseyes. 
1mm 
Fig. 3 • 9. Alternating dismicrite and micrite. At top is a 
stylolite. 
1mm 
Fig. 3.10. Dismicrite overlain by dolomitized algal mat. The 
black material in dolomitic part is organic matter. 
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length. In some burrows, generation of spar has taken place, which 
resembles the fenestral fabrics of Tebutt et al. (1965) . 
These samples are interpreted to have formed in the subtidal and 
intertidal environments. In samples containing oolites, it is believed 
that they were probably transported from shoals existing off-shore. 
6. Dismicrite or Disturbed Micrite 
Folk (196.2) defined "dismicrite" as a microcrystalline rock dis-
turbed by burrowing organisms or by soft-sediment deformation~ and 
containing less than 1% allochems. In this study, dismicrite is 
differentiated from "micri te" (described on p. ~8 ) by the presence of 
abundant birdseyes and from other allochem-bearing micrites by the 
absence of allochems (less than 1%). 
The percentages of dismicrite samples in the studied sections are 
as follows: GPB = 23%, GPW = 5%, GPL = 3% and GPR = 7%. No dismicrite 
samples were observed in section GPD. The birdseyes connnonly ranging 
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up to 4 nun are of the bulbous type (see Figs. 3.8, 3.9 and 3.10) and 
occur randomly in a micrite matrix. Some birdseyes (as shown in Fig. 3.8) 
may partly have straight boundaries and rhombic or rectilinear outlines. 
According to Radke (1980) they suggest the former presence of evaporites. 
The dismicrites may alternate with micrite (Fig. 3.9) giving the 
appearance of being laminated. The laminae contain black organic 
matter and are believed to be algal laminations. Connnonly the dismicrites 
are overlain by algal mats. Fig. 3.10 is a photomicrograph of one such 
sample showing birdseyes in micrite overlain by dolomite. The dolomite 
is faintly laminated and the presence of organic laminae indicates the 
former presence of algal mats, which have been dolomitized. 
In addition to the abundant birdseyes, burrows of the random type 
are common in dismicrites, while vertical burrows are rare. Mudcracks 
may or may not be present. 
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According to Shinn (1968), escape of gases from sediments sub-
aerially exposed and undergoing dessication results in open spherical 
voids, which may later fill with sparry calcite. Therefore birdseyes 
are considered to be significant indicators of subaerial exposure. 
Considering this observation together with the occurrence of mudcracks, 
upper intertidal to supratidal environments are believed to be the most 
likely depositional environments. 
7. Biomicrite and Biosparite 
The carbonate rock types containing at least 10% fossils in a 
micrite matrix are defined as biomicrites. The fossils may be the 
only allochemical constituents or other allochems may also occur assoc-
iated with them. Intra,clasts, oolites and oncolites if present, must 
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each be less than 20% (in this study, if they are above 20% they form 
carbonate rock types named after them (e.g. intramicrite). If both 
fossils and pellets are present, then following Folk (1959, p.62), the 
volume ratio of fossils to pellets must be greater than 3:1 in order to 
define that carbonate rock as a biomicrite. The grain to groundmass 
ratio in biomicrites is always greater than 1:9. In biosparites 
instead of micrite as the bonding agent, the allochems are bonded by a 
sparry calcite cement. The percentages of biomicrites/biosparites in 
the sections are GPB = 20%, GPW = 21%, GPL = 22%, GPD = 15% and GPR = 16%. 
In section GPB, the biomicrites mostly contain intraclasts in 
addition to the fossils. The mean content of fossils is 15% and they 
range from 11 to 20%. Commonly the fossils have been broken into small 
unidentifiable fragments similar to those shown in Fig. 3.3. In samples 
containing recognizable forms, the most common are gastropods, although 
brachiopods, bryozoans and crinoids also occur. The intraclasts 
(ranging from 2 to 7%) are all composed of micrite and vary in shape 
I 250.lJ I 
Fig. 3 .11. Gastropod biomicrite. The gastropods are recrysta-
llized and filled with micrite (dark). 
I 250).1 
l. 1 
Fig. 3 .12. Biosparite. The moulds of gastropods are filled with 
micrite and the large bryozoan fragment is in a flat-lying position. 
mostly from angular to subangular. Birdseyes are not always present, 
but nearly all show mudcracks. When present, vertical to random 
burrows are common. 
The biomicrites in section GPW contain fossils from 11 to 56%, 
with a mean fossil content of 23%. About 42% of the total samples 
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also contain 1 to 8% rounded to subrounded intraclasts composed of 
micrite or biom~crite. The fossils in biomicrites, which occur up to 
nearly 32 metres above the base of the section, are mostly brachiopods, 
bryozoans and gastropods. A few samples contain one fossil type only. 
The brachiopods may be randomly scattered or show orientation with their 
convex side up. The gastropods are quite abundant between 15 and 17 
metres above the base. Fig. 3.11 is a photomicrograph of a gastropod 
biomicrite. The gastropods are of variable size and most of them.show 
effects of recrystallization. The chambers in them are commonly filled 
with micrite. Although not shown in Fig. 3.11, a few show reverse 
grading with larger gastropods at the top. Towards the top of the section 
(above about 32 m), besides the above-mentioned fossils, the biomicrites 
contain calcareous algae, colonial corals, pelmatozoans, stromatoporoids ~~ 
and nautiloids. In some samples the fossils may be bounded by spar 
also, but generally micrite predominates over spar. Fig. 3.14 is a 
photomicrograph of a biosparite containing calcareous algae in addition 
to other unidentifiable forms. The fossils marked by the arrow is also 
a calcareous algae (transverse section). Only a few biomicrite/biosparite 
samples contain mudcracks and birdseyes ranging from rare to common. 
Vertical and random burrows ranging from rare to abundant are present 
in about half the total samples. 
In section GPL, 41% of the biomicrite samples contain fossils as 
the only allochems, while the other samples also contain pellets or 
250~ 
Fig. 3. 13. Biomicrite with abundant pelmatozoan fragments. Note 
the micrite envelopes which are probably due to algal boring. 
250.ll 
Fig. 3.1~. Biosparite with calcareous algae. Note dolomite 
crystals above erosional contact. 
intraclasts or both. The mean content of fossils is 21% and they range 
up to 39%. The fossils vary in size from 0.01 mm to about 30 mm, but 
commonly they are in the form of small broken fragments and difficult 
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to identify. Also, they are mostly recrystallized and lack any 
orientation. Recognizable forms include brachiopods, bryozoans, corals, 
crinoids, gastropods, pelecypods, and rarely ostracods and trilobite 
fragments. Fig. 3.12 shows moulds of gastropods filled with micrite 
and a large bryozoan in a flat-lying position. The pellets (ranging 
up to 10%, mean 4%) occur in 38% of the samples and are often difficult 
to distinguish from the micrite matrix. They commonly have a mean size of 
about 0.06mm and are spherical in shape. More than half the samples 
containing pellets also contain intraclasts, and intraclasts also occur 
in samples lacking pellets. They range between 1 to 9% with a mean of 
about 4%. As in section GPW, they are composed of micrite or biomicrite 
and are commonly rounded to subrounded in shape. Birdseyes are present 
in 35% of the samples, while 46% show mudcracks. Vertical and random 
burrows are present in most of the samples. 
The biomicrites in sections GPD and GPR do not contain any 
other allochems except fossils. The fossil content ranges up to 35% in 
section GPD, while in section GPR, in some cases a whole peel consists 
of a stromatoporoid. Other samples mostly contain bryozoans, pelmatozoans 
and trilobite fragments and rarely gastropods. Fig. 3.13 shows 
numerous pelmatozoan fragments with micrite envelopes. In the bottom 
right part of the photomicrograph are unidentified shell pieces, which 
occur only rarely. In addition, brachiopods, corals and pelecypods may 
occur. Birdseye structures and mudcracks are absent. Vertical and 
random burrows are present in most of the samples. 
This microfacies is believed to have been deposited in a wide 
spectrum of environments. Most of the fossils recognized in the s·tudied 
sections (i.e. brachiopods, bryozoans, corals, echinoderms, trilobites 
etc.) are considered by Heckel (1972) to have lived in marine environ-
ments. The dominance of fragmented fossils, except bryozoans which 
although not broken are in a flat-lying position (see Fig. 3.12) and 
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the occurrence of intraclasts in most of the samples suggests a shallow-
water regime as the bottom would have to be shallow enough to be 
periodically affected by turbulence in order to cause intraclast 
formation. However, a preponderance of micrite over spar indicates 
that overall quiet conditions prevailed in the environment. Presence 
of bioturbation features in most of the samples suggests that besides 
wave action, biological activity may also have been responsible for 
the variety of sizes of the fossil grains. Samples with diverse fossil 
groups based on the presence or absence of birdseyes and mudcracks 
have been interpret~d to have formed in the subtidal to intertidal 
environment~. Brachiopod shells oriented with their convex side up are 
believed to be channel deposits. Samples containing gastropods only are 
envisaged as having been deposited in the intertidal to supratidal 
environment. 
8. Pelmicrite and Pelsparite 
The carbonate rock types containing at least 10% pellets in a 
micrite matrix are defined as pelmicrites, and if the pellets are bonded 
by spar they are defined as pelsparites. Pellets may be the only 
allochemical constituents or other allochems may also occur associated 
with them. If fossils are present, they must be less than 10% and 
following Folk (1962), the volume ratio of fossils to pellets must be 
less than 1:3. In this study, intraclasts, oolites and oncolites (if 
present) must each be less than 20%. The grain to groundmass ratio in 
pelmicrites and pelsparites is always greater than 1:9. 
1 1mm 1 
Fi • 3 .15 . Pelmicrite, faintly laminated and containing silt 
sir.e quartr.. 
I 250)..1 I 
Fig. 3 .16 . Dolomitic pelmicrite with abundant quartr.. 
No pelmicrites/pelsparites were observed in section GPB and only 
one sample (49117) is a pelmicrite in section GPW. In the other 
sections their distribution is as follows: GPL = 2%, GPD = 21% and 
GPR = 24%. 
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The pellets are elliptical or ovoid in shape and commonly difficult 
to distinguish from the micrite matrix. In some samples they may not be 
clearly visible due to the presence of abundant quartz grains, some 
effects of recrystallization and occurrence of dolomite as in Fig. 3.16. 
Pellets bounded by spar have hazy boundaries and in some cases, gradations 
from pelmicrites to pelsparites were observed in a single sample. Certain 
samples as in Fig. 3.15 give the appearance of being laminated, which is 
more pronounced in areas where there is a greater concentration of silt 
size quartz. 
Fossils and intraclasts may be present in addition to the pellets. 
The fossils are mostly small broken fragments, while the intraclasts 
composed of micrite vary in shape from subangular to rounded, the 
common shape being subrounded to rounded. One sample (49303) besides 
containing pellets ~nd fossils, also has 17% oolites commonly with a 
recrystallized nucleus and core lining of fibrous calcite. Birdseyes 
ranging from rare to common are present in section GPL and about 20% of 
the samples from section GPR. Mudcracks are present in nearly 60% of 
the samples from section GPR. Rare to abundant, vertical or random 
burrows are present in most of the samples. 
Folk (1962) regarded the pellets to be faecal in origin and now 
it is coJillnonly believed that they are polygenetic in origin (e.g. 
Beales, 1965). In the study area it is difficult to assign a particular 
origin to the pellets. Some may be faecal, while others may have been 
formed by disintegration of lime mud and accumulated into piles. The 
breakup of lime mud may have been due to the activity of burrowing 
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organisms or due to the presence of weak currents or wave action. This 
probably was the case in samples containing skeletal grains concentrated 
together and _is further borne out by the frequent association of sub-
rounded to rounded intraclasts. In tidal flat deposits of Shark Bay, 
Woods and Brown (1975) have observed the frequent association of pellets 
and intraclasts in the intertidal zone and of pellets and fossil 
fragments in the sublittoral zone. They have also commented on the 
occurrence of fepestral fabrics in such sediments of the upper intertidal 
zone. Thus, following Woods and Brown (1965) this microfacies was 
probably deposited in subtidal to intertidal environments. The 
pelsparites could have been formed in the intertidal channels, where 
the moderate tidal currents wash them clean of lime mud. 
9. Biopelmicrite and Pelbiomicrite 
The carbonate rock types considered here contain both fossils and 
pellets in a micrite matrix. If fossils are greater 
than 10% and the volume ratio of fossils to pellets is less 
than 3:1, the carbonate rock containing them is defined as a biopelmicrite. 
In cases )where pellets are the dominant allochems (greater than 10%) and 
the volume ratio of pellets to fossils is less than 3:1, the rock type is 
a pelbiomicrite. Other allochems (constituting less than 20% of the 
rock) may be present. 
In the study area, the biopelmicrites and pelbiomicrites occur in 
sections GPL and GPR only, where they form 3% and 4% of the samples res-
pectively. 
The biopelmicrites in section GPL contain fossils ranging up to 12%, 
while the pellets form 4 to 8% of the allochemical content. In pelbio-
micrites, the maxim~m contents of pellets and fossils are 32% and 10% 
respectively. The pellets in both carbonate rock types resemble the 
micrite matrix, while fossil types present include bryozoans, brachiopods 
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and gastropods. No birdseyes or mudcracks were observed. Commonly the 
burrows are of the random type and range from rare to abundant. 
In section GPR, the maximum content of pellets in biopelmicrites 
is 6% and in pelbiomicrites is 22%. The maximum content of fossils 
in biopelmicrite is 18% and in pelbiomicrite is 9%. The fossils are 
mostly very small unrecognizable broken fragments scattered randomly. 
Pellets too are not closely packed. As in section GPL, no birdseyes 
and mudcracks are present, while random burrows ranging from rare to 
common are present in all the samples. 
This microf acies is interpreted to have formed in the subtidal to 
lower intertidal environment. 
10. Intramicrite and Intrasparite 
In this study, tne carbonate rock types containing at least 20% 
intraclasts in a micrite matrix are defined as intramicrites, while those 
bounded by spar are called intrasparites. Other allochems may occur 
associated with them. Oolites and oncolltes, if present, must each be 
less than 20%, and the fossils and pellets each less than 10%. The 
grain to groundmass ratio is always greater than 2:8. 
The intramicrites/intrasparites occur only in sections GPB, GPW 
and GPL, where they constitute 8%, 5% and 1% of the samples respectively. 
I 
The intraclasts are composed of micrite, although a few may contain 
some dolimite also. Fig. 3.18 shows intraclasts composed of micrite, but 
also containing dolomite. Note the intraclast at the top partly invaded 
by dolomite. Also spar has not completely obliterated the micrite 
although a few ~olomite crystals (shown by arrow) have been replaced by 
spar. The shape of the intraclasts varies from angular to rounded and in 
some cases intraclasts of variable shape may characterize a single· sample. 
Fig. 3.17 is a photomicrograph of an intraclast breccia grading upwards 
into dolomite. The presence of some rounded intraclasts with mostly 
I 25Q1J I 
Fig . 3 .1 7.Intrasparite grading upwards into dol omite . 




Fig . 3 .18. Erosiona l contact between intrasparite and 
dolomicrite(?algal).Some dolomite crystals have been 
replaced by spar(shown by arrow). 
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250.lJ I 
Fig.3.19.0olitic Intrasiosparite with some intraclasts 
containing skeletal material. 
1 250AJ I 
Fig .3.20. Intrabiosparite . The intraclasts are composed 
of micrite,dolomite and scattered quartz grains . 
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angular intraclasts suggests probable reworking of the breccia. Except 
for fossils in certain samples, no other allochems occur associated with 
the intraclasts. Birdseyes are rare. Intralaminar mudcracks, vertical 
and random burrows ranging from rare to common are mostly present. 
The depositional environment of this microfacies is discussed below 
with other microfacies containing intraclasts as the major allcochems. 
11. Intrabiomicrite and Intrabiosparite 
The carbonate rock type containing at least 20% intraclasts and 10% 
fossils is defined as an intrabiomicrite. If pellets are also present, 
the volume ratio of fossils to pellets must be greater than 3:1. The 
other allochems (oolites and oncolites), if present must each be less 
than 20%. The grain to groundmass ratio is greater than 3:7. 
In the study area, both intrabiomicrites and intrabiosparites occur 
in sections GPB, GPL and GPD, where 10%, 3% and 10% of the samples res-
pectively belong to this microfacies. 
The intraclasts comprising up to 42% of the sample and of variable 
shape, are dominantly composed of micrite, except a few which may 
contain skeletal material (Fig. 3.19) or dolomite (Fig. 3.20). The 
fossils ranging-up to 24%, in section GPB and GPL, are mostly broken 
unidentifiable forms, whereas in section GPD, pelmatozoans and trilobite 
fragments occur in addition to the unidentifiable forms (as in Fig. 3.20). 
Pellets ranging between 4 to 6% and bounded by spar may be present. 
Fig. 3.19 also shows the presence of some recrystallized well-rounded 
grains, which are considered to be oolites (following their description 
on p. 22 ) . The spar content decreases laterally towards the right of 
the photomicrograph. Overall, in such samples, micrite is predominant 
and therefore they have been referred to as intrabiomicrites, unlike 
Fig. 3.19 which is an intrabiosparite. Rare to common birdseyes were 
observed only in section GPB. Mudcracks occur in section GPB and in some 
I 25Q)J I 
Fig.3.21.Intrapelsparite. The intraclasts are composed 
of micrite,few dolomite rhornbs and scattered quartz. 
1 1mm 1 
Fi g . 3 . 22. I ntrape l sparite. Note the wid e var iation in 
g rain s i ze of i ntracla s ts. 
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samples from GPD. Rare, vertical burrows are found in section GPB, while 
random burrows (rare to common) may occur in other sections. 
The environment of deposition is discussed below with other 
major intraclast-bearing microfacies. 
12. Intrapelsparites 
The carbonate rock types containing at least 20% intraclasts and 
10% pellets in a spar matrix are defined as intrapelsparites.' If 
fossils are also present, the,volume ratio of pellets to fossils must be 
greater than 3:1. The other allochems, if present, must each be less 
than 20%. The grain to groundmass ratio is greater than 3:7. 
The intrapelsparites occur only in section GPR, where they constitute 
7% of the samples. No intrapelmicrite is present. The intraclasts 
(range 20 to 30%, mean 25%) are bounded by spar (see Figs. 3.21, 3.22 and 
3.23) and include the flat-pebble conglomerate (Figs. 3.22 and 3.23). 
They are predominantly composed of micrite, but a few (as in Fig. 3.21) 
may also contain dolomite and scattered quartz grains. Another- feature 
observable in the photomicrograph (Fig. 3.21) is the transformation of 
micrite into spar along the intraclast boundaries. The intraclasts are 
commonly rounded and may have an erosional contact with the underlying 
rocks. This can be seen in Fig. 3.23, where an upward decrease in 
grain size is also noticeable. Figs. 3 .22 and 3. 23 are the only samples 
where a greater concentration of spar on the bottom side of intraclasts 
(gravitational cement) is observed and is believed to reflect vadqse 
diagenesis. Also the pellets as seen in the figures are not of faecal 
origin, but seem to have been derived from the same material as the 
intraclasts. 
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1 1 mm 1 
Fig.3 .23. Intrapelsparite ----flat pebble congl ome ra te . 
Note upward de crease in grain size and erosional 
contact. 
250..U I 
Fig . 3 .24 . Do lomitic intraoncomicrite. Note skeletal 
fragment in core and irregular outline of oncolite . 
The bryozoan fr a gment partly overlies onc o l ite. 
13. Intraoncomicrite 
The carbonate rock types containing at least 20% intraclasts and 
20% oncolites in a micrite matTix are defined as intraoncomicrites. 
Other allochems in subordinate amounts may occur. 
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The rock type occurs only in section GPL. Samples closely spaced 
(in the vertical sense) at about 21 metres above the base consisted of 
oncolites, intraclasts and a few skeletal fragments. Overall micrite 
predominates over spar, the latter only bounding a few intraclasts. 
The mean oncolite content is 25% and all have a irregular outline. 
Fig. 3.24 is a photomicrograph of an intraoncomicrite. The oncolite 
has a recrystallized fossil fragment in the centre and an abraded 
irregular outline. A bryozoan can be seen partly overlying the oncolite 
and both oncolite and the bryozoan are mostly surround~d by fine grained 
dolomite. The intraclasts are composed of micrite and are subangular 
to rounded in shape. No other structures were observed in these samples. 
Microfacies containing intraclasts as the major allochems and 
described above are believed to have formed in a range of environments. 
It has already been mentione~ while discussing the intraclast occurrences 
in other microfacies that the differences in roundness of the intraclasts 
is believed to reflect their abradional history. The angular to sub-
angular micritic intraclasts are interpreted to have formed in an 
environment where only periodic storms occurred. The association of 
mudcracks with these intraclasts plus occasional birdseyes indicates a 
supratidal environment. Samples with subangular to subrounded or rounded 
intraclasts with bioturbation features with or without mudcracks are 
considered as having formed in the intertidal environment. A similar 
environment is envisaged for the intrabiomicrite and intrapelsparite 
samples. The intraoncomicrites are belived to have formed in the shallow 
subtidal to lower intertidal environments following Logan et al. (1964) 
and Buchanan et al. (1972). The conditions were agitating and the 
water movement probably more oscillatory than unidirectional. 
Distribution of Microfacies and Depositional Environments 
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The distribution of the microfacies in the measured sections is 
shown in Table 3.2. These microfacies are predominantly micritic in 
composition. A predominance of micrite in Ordovician carbonates has been 
observed by many authors (e.g. Folk, 1973, p.128). However, Palaeozoic 
rocks usually contain abundant pellets (e.g. Beales, 1958, 1965) which, 
as seen in Table 3.2, are of rare occurrence in the studied sections. 
Either bioligical activity and abrasion (which have also commonly 
resulted in the reduction of the skeletal fragments to the smallest 
recognizable size) or diagenetic alteration may have made the pellets 
indistinguishable from the micrite matrix. Thus they may have been more, 
abunuant than now recognized. 
The vertical distribution of the microfacies (lithologic succession), 
constituent allochems and structures together with the interpreted deposi-
tional environments in the measured sections are shown as Figs. 3.25, 3.26, 
3.27, 3.28 and 3.29. Some of the beds are too thin to be represented 
individually and therefore are not shown in the figures. The allochems 
and structures observed in the figures have been discussed earlier. 
All these features indicate a shallow water regime for the Gunns Plains 
Limestone. Perusal of the literature (e.g. Laporte, 1969; Lucia, 1972; 
Ginsburg, 1975; Reineck and Singh, 1975; Multer, 1977) shows that a tidal-
flat environment best fits the observed microfacies. 
The vertical variation of the interpreted environments in the 
figures shows that carbonate sedimentation was cyclic. These cycles 
represent numerous alternations from subtidal conditions in the lower part 
of each cycle to intertidal and supratidal in the upper part. 
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Table 3.2 
DISTRIBUTION (%) OF THE MICROFACIES IN THE STUDIED SECTIONS 
Sections Total Microf acies Samples GPR GPD GPB GPW GPL 
Fossiliferous micrite 13 35 15 21 31 112 
Intraclast-bearing fossiliferous 11 14 8 21 25 88 micrite 
Intraclast-bearing micrite 4 - 8 13 2 24 
Micrite 4 - - - - 3 
Dismicrite 7 - 23 5 3 27 
Biomicrite/biosparite 16 15 20 21 22 90 
Biopelmicrite 3 - - - 1 4 
Intramicrite - - 8 5 1 11 
Intrabiomicrite/intrapelmicrite 
and intrapelsparite/intrabio- 7 10 10 - 13 22 
pelmicrite 
Intraoncosparite - - - - 2 4 
Pelmicrite and/or pelsparite 24 21 - 1 2 34 
Pelbiomicrite 4 - - 1 2 8 
Dolostone 6 5 8 10 - 21 
Others 1 - - 2 6 13 
- - - -- -- --
Number of samples 80 48 46 102 185 461 
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These depositional cycles range in thickness from about 1 m to approxi-
mately 6 m. Most of the supratidal or upper intertidal sequences are 
abruptly overlain by subtidal sequences which may contain reworked 
material from the basal beds. This abrupt transition denotes that the 
transgressions were rapid, while the subtidal to upper intertidal or 
supratidal sequences show that carbonate sedimentation mostly took place 
during regressions (also called offlap or regressive overlap). According 
to Curray (1964, p.198), depositional regressions in ancient carbonate 
rocks occur as a result of a seaward progradation of the shoreline by 
deposition. Thus except for a few interruptions, the vertical variation 
in the depositional environments suggest the existence of a number of 
progradational cycles. 
The microfacies which have been recognized in the Gunns Plains 
Limestone have been grouped into three major facies supratidal, 
intertidal and subtidal facies. Tables 3.3, 3.4 and 3.5 swmnarize the 
observed features of these major facies in the studied sections. 
Sixty-three percent of the samples as shown in the tables have been 
interpreted as belonging to the intertidal facies. Ginsburg (1975, p.234) 
has pointed out that the intertidal zone is the most commonly identified 
zone in ancient carbonate rocks because it has so many diagnostic 
structures. Such a bias exists in this study also. 
Many models for carbonate sedimentation have been derived using the 
concepts of workers like Edie (1958), Shaw (1964) and Irwin (1965). 
Wilson (1975) has discussed ancient and modern models, and ways in which 
the individual worker can develop his own model. 
The models pre-suppose broad epicontinental (epeiric) seas in the 
geologic past with a low gradient shelf hundreds of kilometres wide. 
Due to variations in water circulation, different zones are 
developed in these widespread, shallow seas. Irwin (1965) differ-
entiated three hydraulic zones whicP. directly affect depositional 
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Table 3.3 
SUMMARY OF OBSERVED FEATURES IN SECTION GPR 
Subt1dal Intertidal Supra tidal 
Lower Upper 
Sample Distribution (%) 24 24 35 17 
Percentage of samples 
83 67 61 44 
Cl) 
containing fossils 
~ Maximum volume % of 100 18 14 4 Cl) fossils 
Cl) 
0 Average volume "o of 28 6 s 2 "" fossils 
Typ
0
e of fossil Bracluopods. bryozoans, Mixture of unidenf1- Smal 1, broken fragments Very small, dominantly 
corals, gastropods, able and 1dent1fiablc Recognizable forms in- unidentifiable forms. 
pelmatoz.oans, stromato- forms. Pelmatozoansi elude brachiopods and Only rarely 
poroids and trilobites. gastropods and trilo- gastropods, and rarely gastropods recognized. 
bite fragments are bryozoan and pelmato-
co1mnon. Rarely brachio- zoan fragments. 
pod and bryozoans 
present. 
Percentage of samples 
Cl) containing intra- 8 so 56 44 ... s clasts 
u Maximum volume % of 2 16 30 18 
~ 1ntraclasts -... Average volume % of 
2 s 10 7 ;'.'; 1ntraclasts 
Shape of intraclasts 
·--
Rounded to subrounded Subrounded -
---
Subangular common Subangular to sub-
Subangular - rare rounded 
Percentage of samples 
8 7S 61 -Cl) containing pellets ... 
w Maximum volume 0o of 
14 SS .., pellets 37 -.., 
"' "" Average volume % 14 29 of pellets 11 -
Birds eyes - Present in 15% of Present in 50% of Present in 6690 of samples 
samples. Rare. samples. Mostly common. Mostly rare to common 
Mudcracks - - Present in 61% of Present in 89i of samples 
samples. Common. Common. 
B1oturbatian Random - common. Random - common to !Vertical - rare Vertical - conunon to abun-
abundant. Random - common to dant:. 
abundant. 
Average dolomite content (%) <IC <10 II 17 
M1crofaci.es Biomicri te/biospari te. Pelmicrite/pelspan te. Pelmicrite/pelsparite. Dolostone 
Fossiliferous micr1 te. Intraclast-bearing Intrapelsparites. Intraclast-bearing 
Burrowed micri te. mierite. Pelbio- Intraclast-bearing fossiliferous m1cr1te. 
Pelbiomicri te. micrite and biopel- foss1l1ferous m1cr1te. D1sm1cr1te. Intra-
micr1te. Fossil- Foss1l1ferous m1cr1te. clast bearing micrite. 
iferous mlcr1 te. Other allochem-
bearing micrite. 
Table 3.4 
SUMMARY OF OBSERVED FEATURES IN SECTION GPD 
Subtidal Intertidal Supra tidal 
Lower Upper 
Sample Distribution (%) 25 33 33 9 
Percentage of samples 100 92 83 100 containing fossils 
U) Maximum volume % of 35 10 21 2 ~ fossils ..... 
U) 
Average volume % of U) 12 5 6 2 0 
"" fossils 
Type of fossils Mostly bryozoans, Recognizable forms Mostly broken and Very fine skeletal 
pelmatozoan: and tri- include brachiopods, unidentifiable. material. Rarely 
lobites, rarely bryozoans, gastro- Recognizable forms gastropods 
brachiopods and pods, rarely pelmato- include brachiopods, recognized. 
gastropods. zoans and trilobite gastropods, ostracods, 
fragments. and rarely pelmato-
zoan and trilobite 
fragments. 
Percentage of samples 
Vl 
containing intra- 13 25 42 -
E-< c. lasts 
~ Maximum volume 9o of 22 26 ~ 4 -
~ intraclasts Average volume % of E-< 4 8 12 -z intraclasts ..... 
Shape of intraclasts Rounded to Subangular - common Sub angular 
sub rounded. Rounded - rare 
Percentage of samples - 17 42 -
Vl 
containing pellets 
E-< Maximum volume % of 
Ul - 65 48 -~ pellets 
~ 
Ul Average volume % of p.. - 39 34 -pellets 
Mudcracks - - Common Common 
Birds eyes - - Rare Rare 
Bioturbation Random - conmen Random - common to Vertical - rare Vertical - common 
abundant Random - common 
Average dolomite content (%) <. \0 <. \Q ~4 3(; 
Microfacies Biomicrite/biosparite. Fossiliferous micrite. Pelmicrite. Fossiliferous 
Fossiliferous micrite. Pelmicrite. Fossiliferous micrite. micrite. 
Intraclast-bearing Intrabiomicrite. 
fossiliferous Intraclast-bearing 
micrite. fossiliferous micr1te. 
Intrabiom1crite. 
Table 3.5 
su~~.ARY OF OBSERVED FEATURES IN TIIE LATERALLY 
EQUIVALENT SECTIONS GPB, GPW AND GPL 
Subtidal Interti<lal Supra tidal 
Lower Upper 
GPL GPW GPB GPL GPW GPB GPL GPW GPB GPL GPW GPB 
Sample distribution (%) 35 10 12 34 24 25 32 38 33 3 30 30 
Rel. sample % 100 100 100 96 88 67 93 66 64 100 58 22 
Range % 0-39 0-56 0-20 0-30 0-42 0-17 0-31 0-13 0-24 0-9 0-9 0-21 
Mean % 10 26 12 9 11 10 9 3 11 7 3 11 
"' Type of fossil Diverse - algae, Brachiopods, bryozoans, Mostly broken, Very small broken '"' ..... bryozoans, brach~opods, gastropod~. trilobite 
1 
shelly fauna. fragments. "' "' cephalopods, corals, fragments. Mostl)' 0 <.t. gastropods etc. individuals like 
Stromatoporoids ~n gastropods abundant. 
section GPW only 
"' Rel. sample % 38 42 33 39 61 67 61 61 64 86 63 44 ... 
~ Range % 0-30 0-6 0-7 0-42 0-8 0-14 0-29 0-23 0-28 0-16 0-28 0-33 .., 
u Shape Rounded to sub- Subrounded common, Subangular com.rnon, Angular to subangular. ;;:! 
!;; rounded. rounded rare. subrounded and angular ..... rare . 
"' Sample % 24 - 7 16 - - 28 7 27 - - -... 
"' '"' Range % 0-32 - 0-6 0-32 - - 0-37 0-27 0-6 - - -'"' "' c.. 
"' Sample % 8 - - 9 17 - 2 - - - - -"' ... ..... Range % 0-5 - - 0-33 0-8 - 0-13 - - - - -'"' 8 
Birds eyes - - - Rare Abundant Common 
Mudcracks - - - Rare Abundant Abundant 
Bioturbation Random - common Random - common to Random - rare to Vertical - common 
abundant conunon; Vertical - Random - present in 
common. section GPL. 
Dolomite (mean %) <. 10 17 24 <lo 20 25 QI 34 44 3~ 
Microfacies B1omicrites/bio- Biomicrites, biopelmicrite and pelbiomicrite, Dismicrites, fossil-
sparites, foss1li- rntraoncosparites, intramicrites and intra- iferous micrite, 
ferous micri te. sparites, intraclast-bearing fossiliferous Intraclast-bearing 
micrite, 1ntraclast-bearing m1cr1te, fossil- fossiliferous micrites, 
iferous micrite, minor allochem-bearing intraclast-bearing 
m1crites and dism1cr1tes. rn1crite, 1ntrarnicri tes. 
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Fig.3.30.Simplified energy ana rock response profiles 
across a stable cratonic shelf having no terrigenous 
input(reproduced from Horowitz and Potter,1971; 
modified from Shaw, 196'1, figs. 8 .1 and 8 .1). Irwin'~ (1965) 
three energy zones---X,Y,Z are also shown. 
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environments on the sea-floor: :(1) the 'X' zone or the outer deeper parts 
of the shelf, where the sea-bot:tom is not influenced by the waves, 
(2) the 'Y' zone existing in a relatively narrow area where due to 
influence of waves on the sea-bottom, turbulent or high-energy conditions 
I 
prevail, and (3) the 'Z' zone cil.oser to the land, where the water 
movement is by winds and storms only. ' 
An increase in:the general depositional slope may cause the high 
energy zone to migrate shoreward restricting the extent of the near-shore 
low energy zone (Z zone) and if the wave, tidal and current energy is 
dissipated over a short distance a physical barrier may develop. In a 
barred-basin, the high energy conditions predominate near the opening of 
the basin due to funnelling of the currents and diminish basinward. 
Fig. 3.30 which has been redrawn from Horowitz and Potter (1971) 
shows their interpretation of the energy and rock response profiles which 
develop across a stable cratonic shelf. These are based on Shaw's (1964) 
model to which have been added the energy zones of Irwin (1965) . 
The major facies recognized in the Gunns Plains Limestone may be 
related to the Z zone proposed by Irwin (1965) and shown in Fig. 3.30. 
Sections GPL, GPW and GPB, as has been mentioned in Chapter 2, are the 
lateral equivalents of each other. The observed features of these three 
sections, which are Blackriveran to Kirkfieldian in age are summarized in 
Table 3.5 and suggest the existance of more subtidal conditions in 
section GPL (north Gunns Plains) as compared to section GPW and GPB (south 
Gunns Plains) . Probably a high energy Y zone existed north-east of 
section GPL (at least during Blackriveran to Kirkf:ieldian times) and is 
now covered by Tertiary basalts or has been eroded away. This inference 
is based on the presence of .sparse oolites at some horizons in section GPL 
and GPW. The oolites are predominantly in amounts not sufficient to form 
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Fig. 3.31 A general model depicting the environments of deposition 
of the microfacies within the Gunns Plains Limestone 
(during any period of time). 
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from elsewhere (?the high energy Y zone). Further evidence is provided 
by intraclast roundnes~ which as seen in Table 3.5 increases towards 
the subtidal and indicates an increase in the energy of the environment. 
Also the occurrence of oncolites with irregular outlines in section GPL 
suggests the existence of a high energy zone. 
A general model depicting the environments of deposition during any 
period of time within the Gunns Plains Limestone is shown in Fig. 3.31. 
The shoreline was characterized by low energy and was extremely irregular 
with the depositional facies shifting landward and seaward. Migration of 
these tidal-flat deposits across subtidal deposits formed a facies 
mosaic of supratidai, intertidal and subtidal units. These facies patterns 
are believed to reflect eustatic sea-level changes, which in part could 
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Recent shallow marine to hypersaline marine carbonates are 
characterized by aragonite and Mg-calcite with or without dolomite, 
I 
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whereas most ancient carbonate rocks coilUilonly consist of calcite and/or 
' 
dolomite. The factors affecting this carbonate equilibria are still in 
the process of being fully understood, and so far, attempts to 
synthesize (ideal) dolomite at near-surface temperatures and pressures 
have proved futile. 
The field evidence of dolomite together with experimental work has 
led to the development of a large number of models that attempt to 
explain the dolomitization process. A popular hypothesis in areas of 
no evaporite formation suggests that the mixing zone between sea-water 
and fresh water is an important site for dolomitization (e.g. Hanshaw 
et al., 1971; Land, 1973; Badiozamani, 1973; Folk and Siedlecka, 1974; 
Land et al., 1975; Dunham and Olson, 1978). In many models the 
generation of hypersaline btlnes, in areas of evaporite mineral formation, 
is thought to be a prerequisite for dolomitization. The models vary 
from downward seepage refluxion (e.g. Adams and Rhodes, 1960; Deffeyes 
et al., 1965) to upward movement by capillary concentration (Shinn 
et al., 1965) or evaporitive pumping (e.g. Hsu and Siegenthaler, 1969; Hsu 
and Schneider, 1973) of the dolomitizing brines. Most of the dolomitized 
supratidal sequences are believed to have formed from such hypersaline 
brines and are also called sabkha dolomites by analogy with their 
occurrence in the arid surrounds of the Persian Gulf. Generally the source 
of Mg++ ions for the dolomitizing brines is believed to be sea-water. 
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Von der Borch et aZ. (1975, 1979) have described an analogue 
of the arid region sabkha dolomites from the humid Coorong area of 
South Australia. In these Coorong dolomites, minor amounts of 
cvaporite minerals, precipitated during the summer are flushed out 
during the winter by refluxion of ground water (Muir et aZ., 1979). 'Ihe 
evaporation of ground water, in discharge areas, is believed to result 
in the formation of dolomite with the Mg++ ions being contributed by 
seaward flowing ground~aters. 
'!here are many other models (e.g. Goodell and Garman, 1969), 
but despite the extensive literature on dolomites, the process is still 
not fully understood (for reviews, see Friedman and Sanders, 1967; 
Berner, 1971; Folk and Land, 1975; Bathurst, 1976; Meyers, 1980). '!here 
is, however, general agreement that environment of deposition makes it 
possible to distinguish between early and late diagenetic dolomites. 
'Ihe redistribution of trace elements is being investigated in order to 
provide some insight into the dolomitization process (e.g. Veizer et aZ., 




'Ibis study adopts an integrated approach using facies distribution 
of dolomite and their geochemical characteristics to infer the process 
of dolomitization in the Gunns Plains Limestone. 
PETROLOGY 
Dolomite interlayered with limestone is of widespread occurrence 
in the Gunns Plains Limestone (see frontispiece). 'Ihe dolomitic layers 
on weathered surfaces show positive relief and are coarser-grained than 
the limestones. Conunonly the dolomite layers are yellowish-brown, 
laminated and less than 0.5 m thick. Burrows filled with dolomite are 
easily recognizable in the bioturbated units. V-shaped mudcracks are 
Fig. 4.1 Equigranular mosaic of finely crystalline euhedral to 
subhedral dolomite. 
Fig. 4.2 Rounded intraclast composed of dolomite. The dolomite 
has also invaded the micrite matrix. X-nicols. 
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conuno~, while the mudcracked polygons (about 4 cm across) surrounded 
by dolomite were only observed in section GPW. A similar type of 
dolomite occurrence in'the Cretaceous Edwards Formation of Texas has 
been termed 'Strata! Dolomite' by Fisher and Rodda (1969). 
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Microscopic examination of peels and thin sections shows that the 
dolomite is brown or golden-yellow. The most abundant size of dolomite 
crystals ranges between 20 and 50µ. Crystals as small as about 10µ are 
I I 
common, while those ranging between 50 and 100µ are rare. This finely 
crystalline dolomite typically is present as subhedral to euhedral 
crystals and these xenotopic to idiotopic dolomite crystals form an 
equigranular mosaic (Fig. 4.1). 
No allochems, apart from intraclasts, are replaced by dolomite 
(see Figs. 3.5, 3.18, 3.20, 4.2). In such cases, the quartz silt 
present within the intraclasts may also be replaced. Dolomite is also 
commonly'seen around the intraclasts and along the mudcrack margins 
(Fig. 3.6). In samples showing bioturbation features, the burrows have 
J 
been selectively dolomitized (Figs. 3.1, 4.3). The variable amount of 
dolomite in the samples (0-86%) indicates that all stages of replacement 
of carbonate mud by dolomite exist. Other features replaced by dolomite 
are the wavy-laminated algal mats, containing scattered organic material 
(Fig. 3.10) or an anastomosing network of very fine, black, organic 
laminae (Fig. 5.5). In all the studied sections, dedolomitization 
(discussed in Chapter 5) has affected the dolomite fabric to various 
degrees. 
X-ray diffractograms of some samples are shown as Fig. E.l 
(in Appendix E). They show the presence of dolomite, calcite and minor 
quartz. The dolomite peaks observed at 28 = 30.92, 30.90 and 30.82 give 
'd' spacings between 2.89 and 2.90 R, which corresponds to ideal and 
ferroan dolomites. No attempt has been made to make a quantitative 
estimate of the proportions of minerals present from the X-ray 
I 125.lJ 
Fig. 4.3 Horizontal burrow filled with dolomite of variable 
size. X-nicols. 
Fig. 4.4 Broken shell with convex side up. Note the unreplaced 
micrite beneath shell suggesting downward seepage of 




diffractograms .. Lumsden (1979a, b) has pointed out the errors involved 
in making X-ray diffraction estimates of dolomite and instead 
recommends point count analysis as a reliable technique. 
Ten peels and thin sections were counted for 500 points each, 
/ 
distributed to cover the whole area of the specimen, with the use of 
an integrating eyepiece (for details see·Chayes, 1956; Galehouse, 1971). 
In all cases, the dolomite percentage obtained by point count analysis 
was slightly greater than the visual estimate of the dolomite content 
(see Table 4.1). 
Table 4 .1 
COMPARISON OF THE VISUAL AND POINT COUNT ESTIMATES OF DOLOMITE PERCENTAGE 
Sample Dolomite % Difference Number Visual Point Count 
49146 32 40 8 
49171 lS 21 6 
49239 33 42 9 
49042 16 23 7 
49064 17 23 6 
49066 14 19 5 
49070 26 32 6 
49083 13 19 5 
49090 35 41 6 
49123 50 56 6 
64 total 
6.4 mean 
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Vertical variation of the dolomite content in the laterally 
equivalent sections GPL, GPW and GPB and the interpreted 
depositional environments. Samples containing less than 10% 
dolomite are not shown. 
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In spite of the visual estimates of dolomite being in good agreement 
with those obtained by point counting, a small correction factor 
obtained from Table 4.1 has been applied to all visual dolomite 
estimates. Another consideration worth mentioning and of importance in 
the discussion of dedolomitization (Chapter 5) is that the occurrence 
of dedolomitization textures has been ignored in the visual and'point 
count estimates of dolomite. This has been done because the replacement 
of dolomite by calcite is on a very varied scale (from a small clot of 
calcite on dolomite to a whole dedolomitized rhomb, see Figs. 5.1 to 
5.13) even in a single sample. Petrographic separation of the two for 
purposes of volumetric estimates is not only difficult, but also leads 
to significant error estimates of both dolomite and dedolomite. 
Thus the dolomite estimates of all samples include an unknown amount of 
dedolomite. The mean dolomite content in the studied sections is 
GPR = I L\ 0 { o , GPD = 7 °/.,, , GPB = ~I °/a , GPW = ;;l.O °lo and GPL = \ \ 0 I o 
indicati~g that the bulk of the samples are dolomitic limestones 
(10 to 50% dolomite). 
VERTICAL DISTRIBUTION 
Vertical distributions of the dolomite percentages in the studied 
sections, together with the interpreted depositional environments, are 
shown in Figs. 4.5 and 4.6. It can be observed that the dolomite 
content is very variable in all the stratigraphic sections. When 
compared with the depositional environments, the variation in the dolomite 
content appears to be related to the depositional cycles, generally being 
most abundant in the supratidal environment or, where supratidal is 
absent, in the upper intertidal environment of each cycle. The dolomite 
content decreases towards the subtidal environment, where it commonly 
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Fig. 4.6 Vertical variation of the dolomite content in sections GPR 
and GPD and the interpreted depositional environments. 
Samples containing less than 10% dolomite are not shown. 
Section GPD is lithostratigraphically above section GPR. 
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more dolomite than the subtidal facies (see also Tables 3.3, 3.4 and 
3.5). This increase of dolomite in the supratidal facies and the 
variable amount of dolomite in the different depositional cycles 
indicates that dolomitization occurred in episodes of varying intensity 
during regressive phases of sedimentation, and that it was an early 
diagenetic process. 
GEOCHEMISTRY 
Aragonite and Mg-calcite, the carbonate phases stable in sea-
water, start diagenetic alterations to low Mg-calcite under the 
influence of meteoric water. The trace elements during this wet 
dissolution and reprecipitation process are also redistributed; the 
incorporation of cations in the precipitated phase being dependent on 
their partitioning through a liquid phase into the precipitate (.e.g. 
Benson, 1974; for revjew nf chemir.~l p;:irt.it.inning see Mc.Tnti:re, 1963). 
The crystal size and habit of metastable and stable phases of CaC0 3 , 
among other factors, are also controlled by the Mg/Ca ratio and salinity 
(Folk, 1974), and these factors also control the crystallization of 
dolomite (Folk and Land, 1975). Thus the effect of dolomite formation 
on the trace element concentration in carbonate rocks may reflect 
important characteristics of the dolomite-forming solutions. 
As the sequence of mineral transformation determined from textural 
studies also usually reflects the principal geochemical changes, it is 
possible to reconstruct the depositional and diagenetic changes by using 
the chemical characteristics along with petrographic criteria. Thus the 
whole rock (bulk) analyses of ancient carbonate rocks denote the sum of 
all geochemical changes that occurred in a rock. 
In the present study, 217 samples from sections GPW and GPL 
(lateral equivalents of each other, Chapter 2) were used to understand 
I 
Table 4. 2 
CHEMICAL DATA OBTAINED BY X-RAY FLUORESCENCE 
Cao Ba V Ga Rb 
NO. % ppm 
49054 0.76 0.01 0 .11 44.84 0.58 0.02 12.06 1.84 2.93 0.00 0.12 73 19 1.5 20 
49057 0.68 0.01 0.10 45.23 0.66 0.03 10.97 1. 76 1.98 0.00 0.11 73 23 1. 7 23 
49062 0.26 0.01 0.04 49.76 0.23 0.02 6.53 0.67 1. 75 0.01 0.10 46 4 <1 8 
49063 0.51 0.02 0.05 44. 30 0.38 0.03 8.08 1.18 4.36 0.00 0.09 SS 32 <1 16 
4906S 0.61 0.01 0.06 49. 71 0.46 0.02 S.31 1.08 1. 70 0.02 - S8 16 <1 12 
49066 0.70 0.01 0.08 46.63 o. 72 O.G2 6.46 1.47 2.81 0.01 0.07 69 20 2.6 19 
49069 0. 72 0.01 0.11 46.79 0.83 O.C2 8.79 1.94 2.70 0.00 0.03 108 32 1.1 24 
49080 0.66 0.01 0.10 41. lS 0.67 0.01 11.08 0.78 6.07 0.01 0.2S 78 24 1.4 21 
49082 0.78 0.01 0.11 44.28 0.70 O.Cl 8.Sl 1. 87 4.10 0.00 - 81 23 1.8 24 
49091 0.62 0.02 0.06 4S.84 0.41 0.02 S.30 1.16 4.S4 0.00 0.04 SS 18 - -
49110 O.S6 0.03 0.02 44.39 0 .13 O.Cl 12.51 0.39 2.6S 0.00 - S7 <4 ~1 9 
49123 O.S4 0.01 0.04 43.63 0.43 O.C3 S.2S 0.99 6.63 0.01 0.03 41 22 1.6 14 
49140 0.69 0.01 0.08 48.07 0.63 0. (i2 6.76 1. 7S 1.S9 0.01 0.08 60 24 1.6 21 
4914S 0.7S 0.01 0.06 45.78 0.47 O.C12 4.70 1.43 4.70 0.01 o.os S2 26 1. 2 19 
49146 0.70 0.01 0.03 46.36 0.27 0 .C•l 3.22 0.08 S.61 0.01 0.07 34 13 1. 7 11 
49181 1.2S 0.02 0.12 39.S3 0.86 0.(13 9.64 2.31 6.03 0.02 0.14 8S 34 2.3 30 
49212 o. 72 0.02 0.05 44.57 0.33 0. 02 4. 72 0.99 3.73 0.00 0.04 46 12 0.0 13 
49239 0.89 0.02 0.10 44.65 0. 72 0.02 9.32 2.14 3.18 0.01 0.07 93 39 1.8 28 
49273 0.66 0.02 0.07 4 7. 68 ( O.S3 0.02 6.09 1.S9 2.12 0.02 0.06 62 31 .ll 19 
49280 0.41 0.02 0.03 Sl.28 0.24 0.02 3.43 0.89 1.S7 0.03 0.09 30 19 0.0 10 
4933S o.so 0.02 0.04 48. 77 0.29 0.04 3.70 0.86 2.9S 0.02 0.03 47 12 1. 8 11 
* semi-quantitative 
Table 4.3 
CORRELATION COEFFICIENTS FOR MAJOR AND MINOR ELEMENTS 
i( x_ 
Ca* s§ Rb Ga v Ba Si02 K20 Al203 Ti02 Na* Mn* Sr* Fe* Mg* 
Cao +0.81 -0.46 -0.57 -0.42 -0.36 -0.44 -0.57 -0 .45 -0.46 -0.47 +0.49 -0.41 +0.41 -0.66 -0.75 
Mg* -0.61 +0.21 +0.19 +0.37 +0.18 -0.01 -0.02 +0.12 +0.09 +0.05 -0.25 +0.09 -0.35 +O. 77 
Fe* -0.70 +0.29 +0.29 +0.29 +O .13 +0.10 +0.29 +0.08 +0.17 +0.13 -0.37 +0.39 +0.09 
Sr* +O.\;;}. -0.18 -0,06 -0.13 -0.10 -0.32 -0.49 -0.09 +0.03 -0.12 +0.58 -0.61 
Mn* +0.07 +0.34 -0.12 -0.18 -0.37 +0.12 +0.64 -0.23 -0.26 -0.15 -0.50 
Na* +0.33 +0.09 -0.26 -0.12 -0.03 -0.38 -0.38 -0.17 -0.15 -0.25 
;( Ti02 -0.67 +0.44 +0.92 +0.56 +0.65 +0.88 +0.58 +0.94 +0.95 
- Al203 -0.58 +0.37 +0.98 +0.59 +0.82 +0.82 +0.46 +0.97 
- K20 -0.66 +0.30 +0.94 +0.65 +0.75 +0.86 +0.43 
Si02 -0.47 +0.63 +0.49 +0.15 +0.18 +0.68 
)( Ba -0.61 +0.26 +0.84 +0.48 +0.60 
/-. v -0.53 +0.11 +0.82 +0.41 
Ga -0.70 +0.11 +0.63 
j: Rb -0.76 +0.28 § semi-quantitative 
s§ -0.35 * AAS 
00 ..,. 
Table 4.4 
ATOMIC ABSORPTION ANALYSES FROM DIFFERENT PARTS 
OF TIIE SAME SAMPLE 
No. Mg% Ca % Sr Mn Na Fe % 
49156 1.46 33.22 640 81 161 0.174 
. 
2.12 33.68 545 78 40 0.184 
49294 0.86 36.94 649 67 117 0.101 
0.74 38.30 632 71 121 0.091 
49303 0.73 36. 71 806 80 77 0.081 
0.52 37.68 816 72 34 0.075 
49309 1.03 37.17 925 75 90 0.082 
0.98 37.62 918 60. 21 0.068 
49322 1.18 30.59 455 93 0 0.134 
1.29 32.41 496 85 60 0.149 
SS 
86 
the trace element relationships. Sr, Mn, Fe, Na, Mg and Ca concentrations 
were determined in the soluble carbonate fraction using atomic 
absorption spectroscopy (AAS) (see Appendices B.l to C.l). The chemical 
data are listed as Appendix C.2. Twenty-one samples from the same 
sections were analysed for Si02 , Al 20 3 , K20, Fe2o 3 , Ba, V, Ga, Rb , 
MgO and Cao by X-ray fluorescence (XRF) (Appendix D) . The data obtained 
are shown in Table 4.2. 
The concentrations of Rb (mean 18 ppm) and Ga (mean 2 ppm) reflect 
normal marine conditions (Degens et al., 1958). The same holds for 
Ba (mean 62 ppm) concentrations (Friedman, 1969). These elements, like 
vanadium and titanium are associated with the clay minerals as indicated 
by the positive correlation coefficients with K20 and Al 20 3 (Table 4.3). 
It can also be seen from Table 4.3 that the trace elements (Sr, Mn and 
Na) in the soluble carbonate fraction have negative correlation co-
efficients with K20 and Al 20 3 suggesting their occurrence in the carbonate 
phase. 
Robinson (1980), by using a similar method as in this study, has 
since demonstrated the leaching of some Fe from the alumino-silicate 
fraction, while showing that Sr, Mn and Na are in the carbonate ·fraction. 
The major and minor element concentrations in the studied samples 
vary even within a single sample. This can be observed from Table 4.4 
which shows 10 analyses of 5 samples (2 analyses from adjacent parts of 
each sample). This chemical variation is believed to be a result of 
the variable amount of dolomite and dedolomite in the different parts of 
the sample. Therefore in order to relate the chemical data to the 
petrographic observations, for example to the amount of dolomite, it is 
essential that the peels/thin sections and solutions for chemical 
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Fig. 4.7 Relationship of Sr/Ca molar ratio to Mg/Ca molar ratio in section GPL. 
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The relationship of the Mg/Ca molar ratio, representing the ' 
dolomite content, to the Sr/Ca molar ratio in sections GPL and GPW 
is shown as Figs. 4.7 and 4.8. From these figures, the inverse relation-
ship between the Sr/Ca ratio and the Mg/Ca ratio is apparent. It can 
also be seen that samples belonging to the subtidal facies (less than 
10% dolomite) contain higher concentrations of Sr as compared to samples 
< • 
from the supratidal facies (up to 86% dolomite). 
Strontium is the most extensively studied minor element in 
carbonate rocks. The strontium distribution in carbonate rocks and 
skeletons is reviewed by Kinsman (1969), Milliman (1974) and Bathurst 
(1976) . Recent limestones contain variable amounts of Sr ranging up to 
12500 ppm for pseudo-ooids from the Bahamas (Zellar and Wray, 1956). 
In contrast, the amount of Sr in recent, hypersaline, supratidal 
dolomites is about 660 ppm (Butler, 1973) or 620 to 640 ppm (Land and 
Hoops, 1973). According to Veizer and Demovic (1974), early diagenetic 
dolomites contain higher Sr concentrations compared to the late 
diagenetic dolomites. They related this to the partition of Sr between 
aragonite and dolomite (early diagenetic) and between calcite and 
dolomite (late diagenetic). The partition coefficient of Sr in dolomite 
is unknown because experiments to synthesize dolomite have proved 
unsuccessful. According to Behrens and Land (1972) a dolomite in 
equilibrium with calcite should contain about half the Sr of calcite 
(see also Jacobson and Usdowski, 1976), i.e. 
Sr o According to Kinsman ,(1969), the values of KCALCITE are 0.14 at 25 C 
0 and 0.08 at 100 C. The temperature of dolomite formation in the Gunns 
Plains Limestone is unknown. If the whole range of temperatures from 
25°C to l00°c is assumed, then the Sr concentrations obtaine~ for the 
0.9 
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Fig. 4.10 Relationship of Na/Ca molar ratio to Mg/Ca molar ratio in section GPL. lO ....... 
the solutions based on the above relationship for dolostones (mean 
Sr/Ca = 0.4816 x 10- 3 ) vary from 6000 ppm at 25°C to 10500 ppm at 
10o0 c. These high Sr values suggest the presence of either aragonite 
or evaporites or both (e.g. Kinsman, 1969; Butler, 1973). Evaporitic 
moulds occur rarely in the study area. In either case, the early 
diagenetic origin of dolomites is indicated. 
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The above brief discussion is based on the inference that the Sr 
I 
content in the dolomites has remained unchanged since dolomitization. 
As will be shown in the following chapter, the Sr concentrations under-
went a loss during dedolomitization (approximate loss of Sr is believed 
to have been 66 ppm in the dolostones) . 
Sodium 
The relationship of Mg/Ca to Na/Ca in sections GPW and GPL is 
shown in Figs. 4.9 
1
and 4.10. 
Na is considered to be a useful indicator of salinity (e.g. Fritz 
and Katz, 1972; Land and Hoops, 1973; Veizer, 1977, 1978). The wide 
v~riation of Na concentrations (Figs. 4.9 and 4.10 ) suggests either 
fluctuating salinities or dilution of trace elements during meteoric 
diagenesis (Land et al., 1975). 
The mean Na concentration in the dolostones is 42 ppm, std. dev. = 
74 ppm. The standard deviation is higher than the mean because of the 
wide range from 0 to 205 ppm Na. This mean value of Na is far below 
the reported values in the literature. In the Junee Group elsewhere, 
Rao and Naqvi (1977) have reported mean Na values of 162 ppm Na for 
early diagenetic dolomites. It is believed that low Na values in the 
Gunns Plains Limestone are a result of dedolomitization (see Fig. 5.26). 
Samples containing high Na values are within the range reported by Rao 
and Naqvi (1977) and thus reflect the original concentration of hyper-
saline supratidal dolomites. In other cases, dedolomitization has 




















)( Xe ·00 >C 









o'---.J.__.....1.....-'---L-...o~.o~s~--'-~.1...--'-_~o~~o~~.l--.....L----'--;:;.o~~s~__J~..J---'-10~Q~o~-.___.___._ ___ --n:oQs 
Mg /ea 











• x • 0 
0 • 
• • • •• • ' 0 ~ •• 00 • 0 • 
• x 




0 00 0 
x 0 0 
Qax >< x><>< 
0 
Q x x 0 g QQ )( 
)( Q 
Q 
0.05 0.1 0.15 0.2 
Mg/Ca 
.. 




















0 • • )( ,_ )( 0 0 0 
0 
)( x 0 i Ox 
0 0 () 0 
Q 
)( )( 
o"'b 0 6> 
0 
)( eo 
)( o;~ )( 0 )( 0 Iii 0 
)(Iii )( 0 0 
Iii ~ ~o 
)( 0 0 lillil lGI )( Iii Iii)( )( 0 ~ 0 0 




0·05 0·10 0·15 0·20 
Mg/ Ca 
Fig. 4 .13 Relationship of Fe/Ca :nolar ratio to r1g/Ca molar ratio 









































Fig. 4.14 Relationship of Fe/Ca molar ratio to Mg/Ca molar ratio in section GPW. 
• ~.... a 
Iron and Manganese 
The relationship of Mg/Ca to Mn/Ca and Fe/Ca is shown in 
Figs. 4.11, 4.12, 4.13 and 4.14. The environmentally controlled 
variation of both Mn and Fe is very clearly evident from the figures 
with samples from the supratidal facies having a higher Mn and Fe 
content than samples from the subtidal facies. Similar observations 
97 
were made by Cook (1973), who stated that manganization and ferruginization 
is related to supratidal dolomitization. In the case of iron, Land et aZ. 
(1975) observed a similar seaward decrease in the dolomites from the 
Eocene El Naqb Formation. 
This increase of Mn and Fe in the supratidal facies suggests an 
external source for these elements during dolomitization. 
Vertical Variation of Mg/Ca, Sr/Ca, Mn/Ca and Fe/Ca Molar Ratios , 
The vertical variation of Mg/Ca, Sr/Ca, Mn/Ca, Fe/Ca and Na/Ca 
in sections GPW and GPL is shown as Figs. 4.15 and 4.16 respectively. 
The similar relationship shown by Mn/Ca and Fe/Ca to Mg/Ca molar ratios 
and their increase in the supratidal facies compared to subtidal facies 
has already been mentioned. Figs. 4.15 and 4.16 show that this variation 
is related to the degree of dolomitization (amount of dolomite) in the 
different depositional cycles (see also Figs. 4.11 to 4.14). Thus 
different episodes of dolomitization of varying intensity have resulted 
in this distribution and have caused a corresponding decrease in 
the Sr/Ca molar ratios. Gene+ally the subtidal facies of the different 
depositional cycles (containing less than 10% dolomite) have higher 
Sr/Ca molar ratios. The Na/Ca molar ratios are highly variable. In 
some depositional cycles, the_subtidal samples contain more Na/Ca, 
whereas in other cycles higher values are more characteristic of the 
supratidal samples. 
15 
Fig. 4.1', Vertical variation of the major and minor elements 
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Fig. 4.16 Vertical variation of the major and minor elements 
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It must be kept in mind that the trends of increasing Mg, Mn 
and Fe and a corresponding decrease of Sr in the supratidal f acies 
persist even if approximate increases of Mn and (?) iron, and losses 
of Sr during dedolomitization (Chapter 5) are taken into account. 1be 
Na values appear to have been the most modified in those cycles where 
dedolomitization has occurred. 
Origin of Dolomites 
---- --- - - ---- - ·-----
I 
Petrographic observations have demonstrated the early 
diagenetic, supratidal origin of dolomites in the study area. 
Fig. 4.4 is a photomicrograph showing a broken shell oriented with its 
convex side up. Micrite beneath the shell has remained unaffected, 
while elsewhere it has been replaced by dolomite. 1bis evidence 
indicates that downward seepage of the dolomitizing brines took place. 
At the same time, other oriented shells were observed with no protected 
zones beneath them. 1bus, besides the downward seepage, upward or 
lateral movement of the brines took place; 1be gradual decrease in the 
dolomite content towards the subtidal in the different cycles suggests 
a reflux type of mechanism. A general model for dolomitization in the 
Gunns Plains Limestone is shown as Fig. 4.17. 
An increase in the Mn and Fe content in the supratidal facies (Fig. 4 .15) 
compared to subtidal facies indicates influx of non-marine water during 
dolomitization. Strontium solution compositions indicate the presence 
of aragonite. 1bus it seems likely that ground water passing through 
an aragonitic terrain could have been the agent responsible for bringing 
in Mn and Fe. Despite a loss 0£ Na during dedolomitization (discussed 
in Chapter 5), high values of up to 205 ppm are still present in the 
dolomites suggesting the hypersaline character of the dolomi t .izing 
brines. It is believed that the mixing of ground water and marine water 
took place in an intermediate sabkha zone, similar to that reported by 
McKenzie et al. (1979) for the Abu Dhabi sabkhas in the Persian Gulf. 
, 
evaporation t . 
~~ ~ m eor1ct , , ~ wa. er-
1' ~~ ~ (Mn&Fe) 
~~Hu~~~~~~~~~~~~~~ ~ig~ Mg Ca ratio 
LW ~ D~LOMITE 
dense brine 
ref Lux 





DISTRIBUTION (MEAN AND STANDARD DEVIATION OF MOLAR RATIOS) 
RELATED TO INTERPRETED ENVIRONMENTS 
GPL GPW 
Mean Std.Dev. Mean Std.Dev. 
SUPRATIDAL 
Mg/Ca 0 .1736 0 .0535 0 .1875 0.0768 
Sr x 10-3/Ca 0.7417 0.0614 0 .5344 0.0834 
Mn x 10- 3/Ca 0.2213 0.0027 0. 2768 0.0399 
Na x 10- 3/Ca 0.5219 0.2656 0.3492 0.4136 
Fe x 10-2 /Ca 0.5682 0 .1003 0.4716 0 .1453 
UPPER INTERTIDAL 
Mg/Ca 0.1028 0.0251 0 .1115 0.0318 
I 
Sr' x 10- 3/Ca 0. 7749 0.0760 0.5382 0.0905 
Mn x 10- 3/Ca 0.2078 0.0499 0.2485 0.0652 
Na x 10-3/Ca 0. 2893 0.2506 0 .1911 0 .2570 
Fe x 10- 2 /Ca 0.3919 0 .1070 0.3586 0 .1139 
LOWER INTERTIDAL 
Mg/Ca 0.0810 0.0281 0.0715 0.0166 
Sr x 10- 3/Ca 0,8038 0.0801 0.5024 0 .1476 
Mn x 10- 3/Ca 0.1988 0.0376 0.2141 0.0525 
Na x 10- 3/Ca 0.3542 0.2491 0.1251 0 .1536 
Fe x 10- 2/ca 0.4009 0.1497 0 .2712 0.0823 
SUB TIDAL 
Mg/Ca 0.0346 0.0095 0.0348 0.0090 
Sr x 10- 3/ca 0.9975 0 .1533 0 .4471 0 .1137 
Mn x 10- 3/Ca 0.1533 0.0343 0.1706 0.0186 
Na x 10- 3/Ca 0.4317 0.3271 0 .1181 0.2124 
Fe x 10- 2 /Ca 0.1848 0.0561 o.2io1 0.0318 
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Table 4.5 summarizes the observed molar ratios of Mg/Ca, Sr/Ca, 
Mn/Ca, Fe/Ca and Na/Ca in the two laterally equivalent sections. Based 
on the greater amount of dolomite, Mg/Ca, Mn/Ca and Fe/Ca in section 
GPW (mostly supratidal and upper intertidal) compared to section GPL 
(mostly intertidal and subtidal), the generation of the dolomitization 
brines is believed to have been in the south (section GPW) and these 





The replacement of dolomite by calcite has been recognized since 
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184 7, when Von Mor lot c'oined the term "dedolomi tization" for this process. 
Smit and Swett (1969), on valid grounds, objected to the use of this term 
and instead proposed "calcitization" as an appropriate name for this 
process. They ~sed the term calcitization specifically for calcite 
after dolomite and not for other replacement processes such as the 
calcitization of anhydrite or gypsum, which may take place concurrently 
with the replacement of dolomite. As such it is a confusing term. 
The term dedolomitization in spite of its limitations (Smit and 
Swett, 1969; Lippma~n, 1973) is widely used (Shearman et al., 1961; 
Folkman, 1!:16~; Al-Hashimi and Hemingway, 1973; Longman and Meuch, 1978; 
Hanshaw and Back, 1979; and many others), and sometimes dedolomitization 
and calcitization have been used synonymously (Friedman and Sanders, 
1967; Lucia, 1961, 1972). In this study the term dedolomitization has 
been retained in the absence of a more suitable term. 
According to many workers (citing Von Morlot, 1848), the pro.cess 
of dedolomitization is represented by the equation 
CaS04 + CaMg(C03)2 t 2CaC03 + MgS04 
The sulphate ions needed for the reaction are attributed to the di·ssolution 
of gypsum or anhydrite (Shearman et al., 1961; De Groot, 1967; Lucia, 1972; 
Abbott, 1974; and many others), or the oxidation of pyrite (Evamy, 1963, 
1969; Folkman, 1969). The process of dedolomitization can also take place 
in the absence of sulphate ions (Katz, 1968; Folkman, 1969; Al-Hashimi and 
Hemingway, 1973). 
10$ 
Dedolomitization is commonly considered to be a low temperature, 
low pressure, near-surface process (e.g. De Groot, 1967; Longman and 
Mench, 1978) resulting from physico-chemical changes in the depositional 
environment (Katz, 1971) or it may be late diagenetic (e.g. Folkman, 
1969; Freeman, 1972). Different mechanisms have been proposed for 
dedolomitization and it is now believed that both fresh-water (e.g. 
I 
Shearman et aZ., 1961, 1969; Fritz, 1967; Goldberg, 1967; Lucia, 1~72; 
1 
I 
Abbott, 1974; Jacka, 1977; Longman and Mench, 1978; Hanshaw and Back, 
1979) and sea-water (Katz, 1971; Al-Hashimi and Hemingway, 1973; 
Al-Hashimi, 1976) can be the agents responsible for this important 
diagenetic process. 
Most studies dealing with the elemental composition of carbonates 
as a function of diagenetic changes have not proceeded beyond the effects 
of dolomitization. It is considered that the trace element relationship 
inferred by different workers for dolomitization is not valid in cases 
where dedolomitization textures and fabrics have been recognized. This 
is based on the inference that as dedolomitization, like other diagenetic 
processes, results in changes in the texture, mineralogy and chemistry 
of the carbonate rocks, the trace elements in the dolomites (and 
dolomitic limestones) must surely have been affected. 1berefore, in order 
to study the trace element geochemistry in limestones which have undergone 
dolomitization and dedolomitization, it is essential to take into consider-
ation the changes d~e to dedolomitization. It is believed that for such 
I 
an'integrated study (dolomitization and dedolomitization), the first 
requirement is to overcome the problem of estimating the amount of dolomite 
I 
affected by dedolomitization~ 1be relationship of trace element 
concentrations to degree of dedolomitization can then be inferred. Only 
after considering the overprints of dedolomitization on the dolomites can 
trace element concentrations be ascribed to the process of dolomitization. 
This leads subsequently to a fuller understanding of diagenetic and 
depositional changes in carbonate rocks. The different aspects of 
dedolomitization are discussed in this chapter. 
PETROGRAPHY 
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Earlier works dealing with dedolomitization are in European 
languages other than English. The recognition and description of 
dedolomitization textures and fabrics (in English) are mostly the work 
of Shearman, Khouriand Taha (1961), Lucia (1961) and Evamy (1963, 1967). 
Prior to that Chilingar (1956) reviewed the Russian work of Tatarskiy 
(1949) and Yana'teva (1955). 
Most studies dealing with carbonate diagenesis in ancient rocks 
show the presence of dedolomitization textures (some in photographs 
without mentioning the phenomenon explicitly). These dedolomitization 
features can be recognized in peels and thin sections (both stained und 
unstained). In unstained peels, as Braun and Friedman (1970) have 
pointed out, the identification of dedolomitization features and their 
differentiation from recrystallized ones requires the use of crossed-
nicols. However, in stained peels and (stained and unstained) thin 
sections most of the dedolomitization features are visible both in 
plane-polarized light and under crossed-nicols. Some may require the use 
of slightly higher magnifications than used for identifying depositional 
textures. 
Criteria for the petrographic recognition of dedolomites (the 
calcite which has replaced dolomite) and their occurrence in the Gunns 
Plains Limestone are shown in Table 5.1. Commonly more than one type of 
dedolomitization texture is present in a single sample. Also the degree 
to which the individual dolomite crystals are affected is highly variable. 
ll) 7 
Table 5.1 
PETROGRAPHIC CRITERIA FOR RECOGNITION OF DEDOLOMITES 
GUNNS PLAINS LIMESTONE 
Abundant Conunon Rare 
Relics of incomp1let~ly I replaced dolomite 
crystals (Shearman, et al., 1961) x - -
Ghosts (grain boundaries of earlier 
dolomite crystals) within the new 
generation of calcite (relict rims of 
Lucia, 1972; palimpsest texture of 
Shearman et al, . , 1961) - x -
Clots of finely crystalline calcite 
replacing dolomite - x -
Syntaxial calcite borders on dolomite 
crystals (calcite rims of Zenger, 1973) - - -
Clotted texture (Shearman et al. , 1961; 
Evamy, 1967) - - -
Rhombohedra composed of mosaic of equi-
granular anhedral calcite (composite 
calcite rhombohedra of Shearman et al ., 
1961; Evamy, 1967) - x -
Rhombohedral pores (Evamy, 1967) - x -
Calcite crystals ranging from 0.1 to 
1.0 nun and containing inclusions of 
dolomite (lacy calcite lenses of Lucia, 
1961) - - x 
Coarse sparry calcite ranging from· 
0.25 to 5.0 nun and mimicking pore- . 
filling calcite (pseudospar dedolomite 
currents of Moore, 1971) - - x 
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1 125JJ 
Fig.5. t .Clots of finely crystalline calcite(dedolomite) 
on dolomite.Sample treated with alizarin-redS and 
potassium ferri-cyanide. 
110QJJ I 
Fig .5.2.Clots of finely crystalline calcite on dolomite. 
Note the gradation of clots into a mosaic of anhedral 
calcite crystals(Composite calcite rhombohedra).Sample 
treated with alizarin-redS and potassium ferri-cyanide. 
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A dolomite crystal may exhibit only a small clot of calcite (dedolomite) 
or the whole crystal may be replaced by dedolomite (as in Fig. 5.2). 
As it is not possible to make a quantitative petrographic estimate of 
the dedolomite content, the following is only a general description of 
the features 9bserved. 
1. Clots of finely crystalline calcite replacing dolomite can only 
be seen in stain~d thin sections at magnifications above,6.5x. 
However, partly or wholly replaced dedolomite rhombs occurring in the 
same sample and formed as a result of concentration of many small clots 
can be seen even at low magnifications. Figs. 5.1 and 5.2 are photo-
micrographs of stained ~amples showing clots of fine dedolomite as well 
as partly to wholly ded~lomitized rhombs. The clots of fine dedolomite 
' ' may occur on any part of the dolomite rhomb including the margins. 
According to Evamy (1967), the relict inclusions occur universally in 
dolomite that has replaced calcite. That these clots are not relict 
calcite inclusions (pre-dolomitization calcite) is evidenced in samples 
where in a dense mosaic of dolomite crystals, a clot may be observed to 
continue from one rhomb across the rhombic margins into an adjacent rhomb. 
2. Rhombs with well-defined boundaries and consisting of a mosaic of 
very small anhedral sparry calcite crystals are common in the Gunns 
Plains Limestone (Figs. 5.2, 5.3 and 5.4). These pseudomorphs of calcite 
after dolomite, termed "composite calcite rhombohedra" (Shearman et a"l., 
1961; Evamy, 1967), occur in rhombs less than 50µ in size. As will be 
discussed later, the mosaics of anhedral crystals shown in Fig. 5.2 are 
believed to be a resul~ of direct replacement, whereas those shown in 
Fig. 5.4 are considered to have formed after selective leaching following 
Evamy (1967, Fig. 1). 
I 5QJJ I 
Fig.5.3.Composite calcite rhombohedra. X-nicols. 
1 1251J 
Fig . 5 . 4 .Composite calcite rhombohedra(C) and abundant 
rhombic pore s(R). Note the presence of anhedral calcite 
crystals within rhombic pores(shown by arrow). X-nicols. 
11 0 
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3. Sparry calcite (dedolomite) has replaced only the outer parts of the 
dolomite rhombs, while the centres have remained unaffected (Fig. 5.5). 
Th}s is the most common type of dedolomitization observed in the Gunns 
Plains Limestone. The whole range from a dolomite rhornb replaced by 
dedolomite on only one side to a continuous dedolomite zone surrounding 
the dolomite core is found. The width of the dedolomite zone is usually 
fairly uniform in a single crystal, but in a whole sample the dedolomite 
zones are of variable width. Dedolomite may extend outwards from the 
rhombohedral boundaries into the intergranularpore space or micrite, while 
still retaining the rhombohedral shape with well-pronounced margins 
showing very small indentations and projections. The core generally 
consists of yellowish-brown dolomite and is conunonly larger than the 
surrounding dedolomite zone, but rhombs with a bigger dedolomite zone and 
smaller core also exist. In some such cases, the dolomite in the 
core (Chilingar, 1956) is only just visible. Rhombs ranging up to 25µ 
in size appear to be more susceptible to dedolornitization in that they 
are commonly entirely replaced by dedolomite or show only dolomite "dust" 
in the core. The bigger rhombs, ranging between 25µ and 50µ mostly have 
continuous or discontinuous dedolomite zones about a dolomite core. 
In some dolomite rhombs of the same sample, the dedolornite instead of 
enclosing an entire rhomb may extend inwards from the margins on two or 
three sides only, the other sides remaining unaffected. 
In the Gunns Plains Limestone (all measured sections), there are 
samples in which the ded9lomite zones are breached in at least three or 
four places, but otherwise give the appearance of having been continuous 
envelopes (Fig. 5.6). In such cases, the dolomite is absent from the core, 
which is always larger in area than the dedolomite zone. Instead, dark 
calcite (micrite) similar to that occurring outside the rhombs is found 
in the core. A single sample is mostly characterized by rhombs of 
I 
125JJ 
Fig,5.5.Partly to completely dedolomitized rhombs. 
Pyrite shown by arrow.The black organic laminae are 
believed to be algal mat. 
1 1 2 
Fig.5.6.Breached dedolomite zones in a micrite matrix. 
Some are only faintly visible.X-nicols. 
I 25QAJ I 
Fig.5.7.Patches of dedolomite.Note the well-defined 
crystal boundaries where dedolomitization has occurred. 
125 )J 
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Fig.5.8.Enlarged view of one of the patches of dedolomite 
shown in Fig.5.7. 
I 125JJ 
Fig.5.9.Palimpsest texture.Arrows point to boundaries 
of former dolomite crystals.Iron oxide rims are also 
v:isible. 
125)J 
Fig. 5.10 Ghosts of earlier dolomite crystals (M) in a micrite 
matrix. Lacy calcite lenses (see text) to the right of centre 
in the photomicrograph . X - nicols. 
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similar size, the conunon size being 25µ. It seems likely that the 
dolomite core and missing parts of the dedolomite zone have been 
dissolved away. 
4. Certain samples in sections GPB and GPR contain a closely packed 
mosaic of dolomite crystals dominantly with mutual anhedral to 
subhedral boundaries (Figs. 5.7 and 5.8). The occurrence of dedolomite 
in these samples is restricted to small isolated patches simi.lar to 
I I 
I : 
Plate 3A of Shearman et aZ. (1961). Commonly a single patch consists of 
seven to ten dolomite crystals which appear to have been dedolomitized. 
A notable feature of these patches is that the dolomite 
crystals (including those that have been completely replaced and are only 
observed as ghosts) have well-developed euhedral boundaries, in contrast 
to neighbouring dolomite unaffected by dedolomitization. In such cases, 
the dedolomite may be confined to only orie side of the dolomite crystals 
or form continuous enveloping dedolomite zones similar to those described 
earlier. The width of the dedolomite zone is variable within a single 
crystal and may extend to the centre, resulting in a whole dedolomite 
crystal. Dedolomite may also occur between the closely-spaced rhombic 
margins, and this suggests an extension of the dedolomite zone even into 
the intergranular pore space. 
5. The palimpsest texture described by Shearman et aZ. (1961) as a coarse-
grained mosaic of calcite crystals enclosing a number of dolomite 
crystal ghosts occurs in some samples of the Gunns Plains Limestone. 
Shearman et aZ. (1961) described whole thin sections showing only 
palimpsest texture. In the studied samples, the granular mosaic of sparry 
calcite (dedolomite) has not replaced all the dolomite crystals within a 
single sample as can be seen in Fig. 5.9. All gradations from partly 
replaced to completely replaced dolomite rhombs can be observed within a 
116 
distance of less than 1 mm. The completely replaced dolomite rhombs in 
sparry calcite mosaics are mostly recognizable by their straight 
boundaries and by the fact that these faintly visible rhombohedral 
ghosts are of similar size to the adjacent unaffected or partly replaced 
rhombs. The unaffected dolomite rhombs mostly have a reddish-brown iron 
oxide-rich rim, which is only faintly visible or completely absent in 
dedolomitized rhombs. 
6. In some micrites containing up to 50% dolomite, the equigranular 
mosaic of euhedral to subhedral dolomite crystals, within a single 
sample is observed to grade into calcite (micrite) containing only. 
prominent, continuous or discontinuous brown (iron oxide) rhombic out-
lines similar to those shown in Fig. 5.10. These ghosts or grain 
boundaries of the earlier dolomite crystals ("relict rims" of Lucia, 1972; 
"pseudomorphs of calcite after dolomite" of Shearman et al., 1961) are 
restricted in their occurrence, being confined to only a few millimetres 
in any sample. 
In a very few cases, coarse sparry calcite occurs adjacent to the 
ghosts or reli~t rims of earlier dolomite crystals (Fig. 5.10). This 
coarse sparry calcite is not pore-filling calcite, but is similar to the 
lacy calcite lenses described and interpreted by Lucia (1961) as replace-
ment calcite formed after the leaching of anhydrite or probably gypsum. 
Lacy calcite lenses not associated with relict rims also occur sparsely 
in the Gunns Plains Limestone and may contain "floating" rhombs of 
poikili tically enclosed dolomite about 10µ in size. The term "lacy 
calcite" (following Lucia, 1961) has been used for such textures in this 
study although a texture similar to the lacy calcite lenses has been des-
cribed by Moore (1971) as "pseudospar dedolomite cements". These two 
different terms have probably been used for the same dedolomitization 
texture. The'lacy calcite lenses and pseudospar dedolomite cements both 
t 125.JJ 
Fig.5.II.Dedolomitized rhombs with dark boundaries. 
Some show effects of leaching. X-nicols. 
! 125 LJ 
Fig,5.I2.Dolomite rhombs with calcite cores(dedolomite). 
Sample treated with alizarin-redS and potassium ferri-
cyanide. 
I 125JJ 
Fig.5.13.Rhombic pores. X-nicols. 
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consist of calcite rhombohedrons with dolomite inclusions or tiny 
dolomite crystals and mimic pore-filling calcite. According to Lucia 
(1961), the calcite crystal size varies between 0.1 mm to 1.0 mm, while 
according to Moore (1971), the size of the crystals ranges between 
0. 25 mm to 5 . 0 mm. Except for· this difference in crystal size, the 
descriptions are similar. Both authors suggest the leaching of anhydrite 
' or gypsum to form this texture. Moore (1971) uses the term "cemen~", 
I 
but at the same time reasons that they are not "true cements". 
7. In section GPW, there are whole dedolomite rhombs with or without 
cloudy centres. They differ from other dedolomite rhombs in that they 
are bounded by narrow, dark zones containing no dedolomite (Fig. 5.11). 
These rhombic boundaries are straight, of uniform width and of low relief. 
Small fractures filled with dedolomite may occur perpendicular to the 
dark rhombic boundaries and extend inwards from the margins towards the 
centre. Dedolomite may also occur outside the distinct rhombohedral 
margins on one or more sides. In such cases, the fractures and dark 
boundaries disappear. The occurrence of these dedolomite rhombs in 
clusters results in the formation of a mosaic with rhombic outlines not 
visible or faintly visible. All of these textural varieties may be 
present in a single sample. 
8. Rhombs with cores of calcite and an enveloping zone of dolomite 
(fig. 5.12) are of rare occurrence in the study area. They usually 
occur in samples which also contain rhombs with discontinuous enveloping 
zones of dedolomite and dolomite cores. The boundary between the calcite 
core and the dolomite zone is sharp and may be serrated. The dolomite 
zones may or may not be of uniform width. Commonly the larger rhombs 
(about 50µ in size) show this texture. 
9. Rhombic pores ranging from about 10µ to 50µ (Figs. 5.4 and 5.13) 
occur in association with the dedolomitization textures described 
above. Commonly the rhombic pores have sharp and straight outlines, 
but rarely, curved or serrated outlines are observed. Usually the 
rhombic pores are randomly distributed, except in a few samples in 
section GPW where they occur in clusters adjacent to dolomite r~ombs. 
The pores in the clusters may or may not contain anhedral calcite 
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(Fig. 5.4). Bausch (1965) and others consider the rhombic pores to have 
formed as a result of solution of dolomite. Evamy (1967) concludes 
that the rhombic pores are formed by the selective leaching of high-Mg 
calcite or aragonite which may be the initial products of dedolomitization. 
REGENERATION OF EARLIER TEXTURE DUE TO DEDOLOMITIZATION 
Dedolomitization .in certain cases is believed to result in the 
regeneration of the pre-dolomitization texture (Shearman et al., 1961; 
Evamy, 1967; Wolfe, 1970). 
In the Gunns Plains Limestone, the carbonate rock types are 
dominantly micritic (Chapter 3) and in such rocks, cementation mosaics 
seldom occur. Syntaxial overgrowths on echinoderm fragments occur in 
very few samples from section GPW, but rhombic zones [such as those 
described by Shearman et al. (1961) as occurring at the boundary of two 
secondary overgrowths with crystallographic continuity across the whole 
area] are not present. Evamy (1967) described the regeneration of the 
pre-dolomitization texture in pelletoidal and oolitic limestone due to 
dedolomitization. This too, was not observed in the studied samples. 
Wolfe (1970) recognized coccolith fragments (micrite) in the non-ferroan 
calcite cores of dolomite rhombs. He concluded that the original 
coccolith micrite had regenerated as a result of dedolomitization. Based 
on Evamy's (1967) reasoning that during dedolomitization the growth of 
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new calcite (dedolomite) is controlled by the orientation of the relict 
calcite inclusions in dolomite, Wolfe (1970) concluded that the dedolomite 
fabric depends on the orientation of the relict, inclusions. He proposed 
that, if the relict inclusions had a single orientation then the 
dedolomitization fabric mimicked the dolomite, whereas if the calcite 
inclusions were randomly oriented (as they must have been in the coccolith 
micrite) then the dedolomitization fabric regenerated the pre,-dolomitization 
I 
fabric. 
In the present study, the only dedolomitization texture which may be 
a result of regeneration of an earlier fabric are the micritic areas 
present in relict rims (described as t)rpe 5 dedolomitization texture). 
They consist of rhombic outlines in a micrite matrix and are interpreted 
to be the remnants of the former euhedral dolomite crystals. This is based 
on the observation that adjacent to these relict rims on one side are 
dolomite rhombs and the contact between them is gradational. Laterally 
no relict rims are visible in a micrite which is similar to that within 
the relict rims. This similarity of micrite both within and outside the 
relict rims indicates that the pre-dolomitization fabrics were also alike 
irrespective of the origin and mineralogy of the fabric. ,otherwise, 
r 
the two micrites would have had different textures as a result of 
different diagenetic histories. 
TYPE OF DEDOLOMITIZATION 
Shearman et al. (1961), on the basis of dedolomitization textures in 
carbonate rocks from the French Jura distinguished between centripetal 
and centrifugal dedolomitization. In centripetal dedolomitization the 
dolomite crystals are replaced from the outside by calcite 13xtending 
inwards to the centre , while in centrifugal dedolomitization the dolomite 
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rhombs are replaced from the inside by calcite (the dedolomite extending 
outwards from the centre). Most later workers do not mention the type 
of dedolomitization involved although their photographs and discussion 
in the texts indicate that one or both types occur. Some workers (e.g. 
Fritz, 1967, Fig. 7; Evamy, 1967, Fig. l; Al-Hashimi and Hemingway, 1973, 
Fig. 5) on the basis of observed dedolomitization textures have 
constructed diagrams to show dedolomitization effects on dolomite crystals 
and have implied.ce~trifugal or centripetal dedolomitization. 
In the Gunns Plains Limestone, the dolomite crystals have not been 
uniformly affected by dedolomitization with the result that partly to 
completely replaced dolomite rhombs conunonly occur together in a single 
sample. Observation of these textures suggests that most have formed as 
a result of the centripetal type of dedolomitization. The only textures 
in the study area, which can be ascribed to centrifugal dedolomitization 
are the rarely occurring dolomite rhombs with calcite cores (described as 
type 8). 
The clots of finely crystalline calcite on dolomite (as in Figs. 5.1 
and 5.2) appear to have been rand~mly generated. Therefore, they are 
different from the centripetal and centrifugal type of dedolomitization. 
It is proposed that such types be called the random type of dedolomitization. 
Shearman et al. (1961) considers the complete to partly formed composite 
calcite rhombohedra (described as type 2) to have formed by centrifugal 
dedolomitization. In the study area, the occurrence of clots of finely 
crystalline calcite in association with partly to wholly formed mosaics 
of anhedral calcite crystals in composite calcite rhombohedra (Fig. 5.2) 
is observed. This seems to indicate that the mosaics of anhedral calcite 
crystals (in composite calcite rhombohedra) are formed as a result of 
formation of many clots on dolomite. Thus, they have not originated due 
to centrifugal dedolomitization as originally proposed by Shearman et al. 
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(1961), but as a result of random type of dedolomitization. On the 
other hand, mosaics of anhedral calcite crystals formed in rhombic pores 
as in Fig. 5.4 may or may not have resulted due to centrifugal dedolo-
mitization. 
TYPE OF DOLOMITE (affected by dedolomitization) 
In the present study, only a few samples chosen at random were 
subjected to X-ray Diffraction (XRD). The non-carbonate minerals 
present are illite and Cluartz,. while the carbonate minerals present are 
calcite and dolomite. No protodolomite was detected. The dolomite 
peaks were observed at 26 = 30.92, 30.90 and 30.82 giving "d" spacings 
between 2.89 and 2.90 A (see Fig. E.l in Appendix E), and corresponding 
to ideal dolomites and ferroan dolomites. In further discussion, the 
dolomites (in spite of iron substituting in some of them) are assumed 
to be ideal dolomites. 
Katz (1968, 1970) in his study of the Jurassic Mahmal Formation 
(Israel) concluded that calcian dolomites were preferentially dedolomitized 
(compared to ideal dolomite) during the growth of the dolomite 
crystals. Lippman~ (1973) postulated that although it is hard to prove 
the higher solubility of calcian dolomites, they are more soluble than 
dolomite. As such, what is kn9wn as the process of dedolomitization may 
actually be the dissolution of calcian dolomites accompanied by the 
reprecipitation of calcium carbonate. However, Wolfe (1970), Scholle 
(1971), and Al-Hashimi and Hemingway (1973) demonstrated that ferroan 
dolomites can become dedolomitized and Rao and Naqvi (1977) observed 
dedolomite fabrics in ideal dolomites. Thus, it follows that any type 
of dolomite can be dedolomitized . 
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CHEMICAL EVIDENCE FOR DEDOLOMITIZATION 
It is widely accepted that the Mg present in ancient carbonate 
rocks is a measure of the dolomite content. Therefore, the replacement 
of dolomite by calcite should result in a loss of Mg. De Groot (1967) 
in his experimental work on dedolomitization has demonstrated the 
removal of Mg ions from an ideal dolomite and precipitation of a 
Mg-free calcite. Other workers (e.g. Scholle, 1971; Katz, 1971; Basnayake, 
1975) have used electron-probe analysis (Ca and Mg scans across dolomite 
crystals) to demonstrate dedolomitization. 
In the present study, five samples were selected for electron-probe 
analysis (see Appendix F ) . The secondary electro.n images and Ca and 
Mg X-ray distribution maps of dolomite crystals which have been partly 
dedolomitized (the most common type of dedolomitization in the Gunns 
Plains Limestone) are shown in Figs. 5.14, 5.15 and 5.16. The higher Ca 
(with little or no Mg) toward~ t.hP. margins of the crystals in Fig!;. 5.14 
and 5.15 clearly demonstrates centripetal dedolomitization. 
Chemical evidence for dedolomitization can also be obtained from 
atomic absorption spectroscopy. Prior to relating the chemical data to 
the petrographic observations, it is essential that the peels/thin sections 
and solutions for chemical analyses (Appendix C.l) be made from the same 
parts of the samples, as the Mg/Ca molar ratio can vary even within a 
single sample. This can be observed in Table 4.4, where l~ analyses of 
f·iv~ 
~ samples (two analyses from adjacent parts of each sample) show 
variable values of Mg/Ca. 
Dolomite rhombs which now appear as dedolomite rhombs were also 
included in the point counting and visual estimates of the dolomite 
content (Chapter 4, p. 78). Those samples in which it was difficult to 
make a distinction between pore-filling calcite and dedolomite fabric 
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(a) (b) 
l c) ( d) 
Fig. S.14. Electron microorobe scans of a partly cl P.dolomiti.ze<l rhomb 
of rlolomitA, ( a) Back sr.attere<l e1ectron i.magP and X- ~ay di.stribution 
man of Mg. (b) anrl (c) are X- Ray cl i.stributi.on m:ip s of ~: g ancl Ca 
~Asnectively. (d) ' econstruction of thP dolomitP rhomb showing a~P.:is 
ref'laced by declo1omitA. Int•rnsi.ty of i.nclividua1 n:ittArns do not 
rP.flP.ct :ibsolute or relative abundancP.s o f elements. Samf' lA l~9n1~3. 
(a) ( b) 
( c) ( d) 
Fip:. 5 .15. Elfllctron m1.cronr~b .. scans of a partly dt'ldolom'\.tize<l 
rhomb of do1nm1.tA. (a) Back scRttArA<i AlActron i!Tlage anrl X- Ray 
<Hst.rlbutlon mllp of 1-'g. (b) and (c) are X- qay rl\st.-1.but\on maps 
"r 1'!g anrl Ca l""SnAct1.v.,1y. (rl) q·fl!constructi.on of thP dololllitfll 
rhomb show1.ng arAas renlacen by r!Prlolom1.tA duA to centrlpPtal 
d"'<lolomtt\zation. Intfl!nstty or 1.nrllvtrlual natterns do not reflect 




Fig.SJ6. X- ~ay distribution maps of (a) r.agnesium anrl 
(b) Calcium in a rlolomite crystal with irregular 
outlinP.s. Petropra!'hic observations showP<i cl"ts 
0f rlPrl olo~itP. within thP. cryst~1. Sample 4on43. 
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were excluded. Also excluded were samples in which silica had replaced 
dolomite. A plot of petrographic estimates of the dolomite content 
against the Mg/Ca ratios of the dissolved rocks is shown in Fig. 5.17 
(see also explanation p. 131). Data for samples in which there has 
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been no dedolomitization should plot on the line for ideal dolomite 
(Mg:Ca = 1, molar) or very close to it. For samples which do not plot 
on that line, dedolomitization is implied, i.e. the petrographic volume-
estimate of dolomite content must also be including variable amount of 
dedolomite to cause deviation of sample points from the ideal dolomite 
line. 
ESTIMATION OF THE DEDOLOMITE CONTENT 
Previous studies, except that of Al-Hashimi (1976, p.370), dealing 
with diagenesis have not attempted to quantify the observed dedolomite 
fabrics. He found thP. degree of dedolomitization in the Carboniferous 
carbonate rocks of England to vary from a few weight percent to more 
than 90 wt.%, but the method employed to estimate dedolomitization is 
not mentioned. 
In the study area, petrographic observations have shown that 
generally the dolomite rhombs in a single sample are not replaced 
uniformly by dedolomite, which may vary from a small clot to a whole 
dedolomitized rhomb. This complex nature of occurrence of the dedolomite 
fabrics is the main obstacle in making a quantitative petrographic 
estimate of the dedolomite content (excluding, of course, the case of 
a whole sample which may have become dedolomitized). 
However, a combination of both petrographic and chemical data can 
be utilized in solving the problem of estimating the dedolomite content. 
It has been mentioned earlier that the visual estimate of the dolomite 
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Fig.5.17.Plot of Mg/Ca molar ratios against the 
dolomite percent(volumetric estimate).The straight 
line(Mg/Ca=I) representing the ideal dolomite has 
been drawn taking e.g.Mg/Ca 0.5,o.3,0.2=50%,30% 
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Fig.5.I8.Flot of Mg/Ca molar ratios against the 
dolomi~e percent(volumetric estimate).The area 
between Mg/Ca=I line(zero percent dedolomitization) 
and X-axis has been divided to represent different 
percentages of dedolomitization. 
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of rhombs also, i.e. when making dolomite estimates, dedolomitization 
was ignored. This estimated dolomite conterit (including dedolomite) 
in the samples and the Mg/Ca molar ratios do not correspond to the ideal 
dolomite line (Mg/Ca= 1) in Fig. 5.17 because of the presence of some 
unknown amount of dedolomite. In other words, samples (ideal dolomites) 
with no included dedolomite (i.e. zero percent dedolomitization), 
I 
whateyer their dolomiFe content, should plot on the line Mg/Ca= 1. 
Similarly a wholly dedolomitized sample (no matter how much dolomite 
was originally presentj should plot on the x-axis of Fig. 5.17. Thus, 
the area within these two extremes from 0 to 100 represents the various 
degrees or percentages of dedolomitization. In Fig. 5.18 a subdivision 
of this area by lines denoting the various percentages are shown and 
data for samples with known Mg/Ca and dolomite percentages are plotted. 
i 
The dedolomite percentage obtain~d varies from 38 to 80%. 
The straight lines in Fig. 5.18 were calculated without taking 
into account the differences in density and the molecular weight of 
calcite and dolomite. These factors have been used (see below) in the 
construction of Fig. 5.19. Fig. 5.18, however, gives answers which differ 
by a maximum of ~25%. 
The first consideration for drawing the curves in Fig. 5.19 is that 
the estimate of dolomite (including dedolomite) is a volume estimate, 
made in samples containing a proportion of calcite. The expression for 
' this relationship would be: 
volume ratio = 




volume of dolomite 
total volume 
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dolomite percent(volumetric estimate).See text 
for dedolomite percentages curves. 
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In other words, 
1 - n or n . . . (1) .. = 
1 - n n 
The molar ra~io of dolomite to calcite (for 100% dolomite by volume) 
would be 
Md = (Vd x Pd)/MW of dolomite 
Mc (Ve x Pc)/MW of calcite 
= ~ x 2 . 85 x 100 
Ve 2.71 184 
where M = moles, MW = molecular weight, Pc and Pd denote the densities 
of dolomite and calcite respectively. 
From expression (1) we.know that 
~ = n 
Ve 1 - n 
Substituting we get 
'~ = 
Mc 
-=--n __ x 0 .57 
1 - n 
The mqle fraction of dolomite [Md/(Mc + fvld)] is also the molar ratio 








I + (I-n/0.57n) 
or ~g = 
Mca 
I 
[0.57n + (1-n)]/0.57n 





0.57n ... (3) 
1 - 0.43n 
Thus, for no dedolomitization, i.e. 100% dolomite, the Mg/Ca = 1 curve 
is obtained from equation (3), where n =volume ratio as defined above. 
Suppose now that 100x% of the dolomite has been dedolomitized 
(i.e. x =the percent dedolomitization). 





The actual ratio becomes 
~ = 1 - x = 
V'c 









1 - x 
(1-n)/n + x 







w-Ca 1 + (M' c/M' d) 1 + (V'c/V'dx0.57) 
1 
= 





1 - O .43n(l-x) . . . (4) 
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For x = O, the equation (4) reduces to the result already derived in 
equation (3). 
Thus, for each value of x, a curve relating M'Mg/M'ca to n can 
now be calculated, e.g. to draw a curve for 40% dedolomitization 
(i.e. x = 0.4), knowing the estimated dolomite to be 20% (n = 0.2). 
Substituting in equation (4), 
Mg 
Ca = 
01.57 x 0.2(1-0.4) 
1 - 0.43 x 0.2(1-0.4) 
' 
= 0.0721 
= 0.114 x 0.6 1 - 0.0516 
which would be the point on the 40% dedolomitization curve for a sample 
with 20% dolomite. Similarly a series of points for different degrees 
of dedolomitization in 20% dolomite are obtained. Joined together, 
they represent the curve for 40% dedolomitization. 
Likewise, curves representing other percentages of dedolomitization 
are drawn. Samples with known Mg/Ca molar ratios and estimated dolomite 
percent are also plotted. The percentage of dedolomite can be read 
directly from the figure. The dedolomite percentage was not determined 
in samples containing less than 10% dolomite because of the very closely 
situated curves in this region (Fig. 5.19). Small errors in the dolomite 
estimates would lead to significant errors in the results for dedolomite. 
Excluding these samples, the dedolomite percentages obtained range up 
to 69%. 
VERTICAL DISTRIBUTION 
Vertical distributions of the dolomite percent and dedolomite percent-
age in sections GPL and GPW, together with the interpreted depositional 
environments of the samples containing dedolomite are shown in Figs. 5.20 
and 5.21. (The complete vertical distribution of environments for these 
two sections is shown in Figs. 3.28 and 3.29.) It can be observed that 
Fig. 5.20 Vertical distribution of the dolomite and dedolomite 
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Fig. 5.21 Vertical distribution of the dolomite and dedolomite 
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the dedolomite content is very variable in both the stratigraphic 
sections. When compared with the depositional environments in 
Figs. 3.28 and 3.29, the variation in the dedolomite content appears to 
be related to the depositional cycles, generally being most abundant 
in the supratidal environment or, where supratidal is absent, in the 
upper intertidal environment of each cycle. Dedolomitization decreases 
towards the lower intertidal environment. All subtidal samples 
contained less than 10% dolomite and for reasons mentioned previously, 
the dedolomite content was not determined in them. This increase of 
dedolomitization towards the supratidal suggests that dedolomitizi~g 
solutions were derived from a landward source. The variable amount of 
dedolomite in the different depositional cycles indicates that dedolo-
mitization occurred in episodes of various intensity at the end of 
each cycle, i.e. it was an early diagenetic process. 
RELATIONSHIP OF TRACE ELEMENTS TO DEDOLUMITIZATION 
Strontium 
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Strontium is the most commonly studied minor element in carqonate 
rocks. The strontium distribution in sections GPL and GPW is shown in 
Figs. 4.15 and 4.16. There is little, if any, relationship between 
strontium and the clay content, as indicated by a very small correlation 
coefficient (+0.03) of strontium with Al 2 03 (Table 4.3 ) . This shows 
that the bulk of the strontium occurs in the lattices of the carbonate 
minerals. 
In the dedolostones (samples with more than 50% dolomite originally, 
but now having undergone 28 to 69% dedoJomitization), the mean Sr/Ca 
molar ratio is 0.4816 x 10- 3 (422 ppm Sr), std. dev. = 0.0583 x 10- 3 • 
These dedolostones, like most of the other studied samples, underwent 
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139 
by a negative correlation in a plot of Sr against the dedolomite 
percentage (Fig. 5.22). This loss of Sr during dedolomitization has 
also been demonstrated in the French Jura (Shearman and Shirmohammadi, 
1969) and in Carboniferous rocks in England (Al-Hashimi, 1976) by 
applying methods different from those used in the present study. 
The amount of Sr contained in the dedolomites (calcites) is 
directly dependent on the composition of the dedolomitizing solutions 
and is related to the distribution coefficient (partition coefficient) 
of Sr between the solution and calcite. Kinsman and Holland (1969) 
experimentally determined the partition coefficient for calcite to 
be 0.14 at 25°C and 0.08 at l00°C. In a closed system, according to 
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Katz et al. (1972), the experimentally determined (Ksr) 1 . is 0. 055 ea c1i:e 
at 40°c and 0.058 at 90°c. For further details and discussion the reader 
is also referred to Holland et al. (1964), Holland (1966), Kinsman 
(1969) and Ichikuni (1973). 
Following Al-Hashimi (1976), if it is assumed that the dedolostones 
were formed by water containing C02 only or by meteoric water whose Ca 
and Sr were derived onJ;y from the dissolving dolostones, then the 
dissolution of the dolostones would have continued until the solution 
became just supersaturated with respect to dedolostones (calcite). 
Thus, if the (Ksr) 1 "t and the Sr/Ca molar ratio of the solution, ea c1 e 
which during the dissolution would have been identical to the Sr/Ca of 
the dissolving dolostones is known, then the Sr content in the forming 
dedolostones can be determined from the relationship 
= 
As the dolostones have undergone a loss in their Sr content during 
dedolomitization, the present Sr concentrations need to be adjusted 
for changes during dedolomitization. The approximate Sr content in 
the samples prior to dedolomitization can be found from Fig. 5.22 by 
using the equation: 
Sr (befC)re 
dedolomitization) 
= Sr(. in 
sample) 
- (slope x dedolomite percentage) 
The mean Sr/Ca obtained for dolostones (containing no dedolomite) is 
0.5564 x 10-3 (488 ppm Sr), std. dev = 0.0689 x 10-3. 
In the relationship mentioned above Cmsr++lmca++)SOLUTION would 
be equal to the Sr/Ca in the dolostones, i.e. 0.5564 x 10- 3. De Groot 
(1967) has experimentally shown that dedolomitization is a near-surface 
process. Therefore taking (Ksr) 1 . t as 0 .14 at 25°C an·d using ea c1 e 
the relationship Cmsr++lmca++)sOLID = K~~LIDCmsr++lmca++)sOLUTION' the 
forming dedolostone should have contained 
Cmsr++lmca++)DEDOLOSTONE = 0.14 x 0.5564 x 10-3 
= 0 • 0 779 x 10 - 3 
[Sr] = 68 ppm 
The actual Sr concentration (mean 422 ppm, Sr/Ca = 0.4816 x 10-3) 
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in the dedolostones is much higher than the predicted value of 68 ppm Sr, 
suggesting that the dedolomitizing solutions were not completely 
dependent on the dissolving dolostones for their Sr content. 
As the actual concentration of Sr in the dedolostones is known, 
the Sr/Ca in the solution can be determined. 
= 0 · 14 x (msr++/mca++)SOLUTION 
0.4816 10-3 
= 0.14 
= 3.44 10-3 
Whence [Sr] = 3014 ppm in the solution. 
Likewise, as the Sr concentration of the dedolomitic limestones 
(samples containing 10 to 50% dolomite, but now having undergone up to 
55% dedolomitization) is known (mean Sr/Ca= 0.5526 x 10-3, std. dev. = 
0.0833 x 10-3 in section GPW; and mean Sr/Ca= 0.7879 x 10- 3 , 
std. dev. = Q.0725x 10~3 in section GPL), the Sr concentration in the 
solution can be obtained and is found to be 3459 ppm and 4931 ppm for 
sections GPW and GPL respectively. These concentrations of Sr indicate 
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a dedolomitizing solution highly enriched in Sr. According to Badiozamani 
(1977, p.977), secondary calcite (including dedolomite) can form from 
high Sr ground waters. 
Presently forming shallow-water marine carbonates have Sr contents 
ranging from 2000 ppm for carbonate mud from British Honduras (Matthews, 
1966) to 12,500 ppm for pseudo-oo,ids from the Bahamas (Ze1.lar and Wray, 
1956). Also, see Bathurst (1976, fig. 225), who has summarized some 
Sr concentrations in marine carbonates obtained by different workers. 
According to Stehli and Hower (1961), high strontium values (2700 to 
I 
4600 ppm) occur in the lime muds of Florida Bay. On alteration to 
stable calcite, during the wet dissolution and reprecipitation process, 
I 
these lime muds would lose most of their Sr to the diagenetic solutions. 
Such a process may also have occurred in the carbonates at Gunns Plains, 
thus providing the Sr-enriched solutions which brought about dedolo-
mitization. In this case, it is implied that metastable phases were 
present at the time of dedolomitization in the carbonate terrain. In 
other words, the transformation to stable calcite had not been completed. 
On the other hand, presence of celestite, gypsum and anhydrite 
can also account for high Sr solutions (e.g. Kinsman, 1965; Butler, 
1973). In the present study, no cel~stite was observed and calcitized 
evaporitic moulds occur only rarely. So far, other studies of the Junee 
Group (e.g. Weldon, 1974; Basnayake, 1975; Burrett, 1978; Rao and 
Naqvi, 1977), to which the Gunns Plains Limestone belongs, have 
revealed the presence of only calcitized evaporitic moulds. 
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Manganese 
The manganese distribution in sections GPL and GPW is shown in 
Figs. 4.15 and 4.16 The small negative correlation coefficient (-0.26) 
between the manganese and Al 203 content (Table 4.3 ) indicates that 
manganese is not related to the clay content. Therefore it is probably 
associated with the carbonate phase. 
The Mn/Ca molar ratio in the dedolostones ranges from 0.2260 x 10- 3 
to 0.4596 x 10-3 with a mean of 0.3317 x 10-3 (182 ppm Mn), std. dev. = 
0.0788 x 10-3. In the dedolomitic limestones, the mean Mn/Ca is 
0.2468 x 10-3(135 ppm Mn), std. dev. = 0.0459 x 10- 3 in section GPW 
and 0.2118 x 10-3 (116 ppm Mn), std. dev. = 0.0548 x 10-3 in section GPL. 
There are, no other published daLa un the Mn content of dedolomites. 
An increase of Mn during dedolomitization is indicated in plots 
of.Mn against the d~dolomite precentage (Figs. 5.23 and 5.24). This 
increase during dedolomitization is further considered below, in terms 
of the partitioning of Mn at the time of dedolomite formation. 
There is no agreement on the partition coefficient of Mn in 
calcite, although in all cases it is higher than the partition coefficient 
of Mn in aragonit.e (0.86 at 30° to 60°c - Brimblecombe and Raiswell, 
1977). Bodine et al. (1965) determined the partition coefficient as 
0 16.2 ± 2.0 at 40 C. Michard (1968) experimentally determined it to be 
5.4 ± 0.3 at 25°C and 12.5 at 175°C. Ichikuni (1973) determined it as 
10 and 18 at 40°c in two travertine samples. Pingitore (1978) considered 
a partition coefficient of 15 to be appropriate for conditions of 




































I. 0 50 60 
DEDOLOMITE (%) 
Section GPW 
Y- i n t e r c e p t 0.18 9 7 
Slope 0.0026 
Co r r e l. C o e f f. + o. 7 8 
70 80 90 
Fig. 5 .2 3. Plot of Mn/Ca molar ratio against the dedolomite 
percent in sectton GPW 
144 
145 
If it is assumed that all the Mn of the dedolomitizing solution 
were derived from sea-water, then 
= 
Morgan (1967) has shown that Mn in sea-water is in Mn++ form and 
the Mn/Ca in sea-water is about 3.6 x 10-6 (Gross, 1972). The forming 





ION = KDE DO LOS TONE 
= 16.2 x 3.6 x 10-6 
= 58.32 x 10-6 
[Mn] = 32 ppm 
If partition coefficients of 15 and 5.4 are used, then the forming 
dedolostones should have contained 30 and 11 ppm respectively. The 
actual concentration of .182 ppm Mn (mean) in the dedolostones is about 
5 to 16 times higher (depending on the partition coefficient used) 
than the predicted values. Similarly the mean Mn/Ca in the dedolomitic 
limestones is also higher than the predicted values, suggesting some 
other source of Mn. 
Surface waters have Mn/Ca ranging from 2 x 10-4 to 3 x 10- 3 
(Garrels and Mackenzie, 1972; Hem, 1959). Assuming these values in the 
dedolomitizing solution results in Mn/Ca ratios which are 3 to 146 times 
higher (depending on the partition coefficient used) than the actual 
ratios in the dedolostones. 
In the same way as the Sr content prior to dedolomitization was 
determined (p.141), the Mn concentration can be found.· In the dolostones 
(before dedolomitization), the approximate mean Mn/Ca obtained is 
0.2095 x 10- 3 (115 ppm Mn), std. dev. = 0.0666 x 10- 3 • If it is assumed 
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the dolostones ,:; cthen the Mn/Ca in ·i"f.he-. solution (as discussed for Sr 
concentrations, p. 140) would have been similar to the Mn/Ca in the 
dolostones (0.2095 x 10-3) and the forming dedolostone should have 
contained 622 ppm, 1726 ppm and 1865 ppm Mn, given partition coefficients 
of 5.4, 15 and 16.2 r~spectively. All these values are much higher 
than the actual concentration in the dedolostones (182 ppm Mn) 
suggesting that probably only part of the Mn was derived from the 
dissolution of the dolostones. Another possibility is that the Mn of 
the dolostones was completely removed and the dedolostones derived their 
Mn later from another 5ource. 
The concentration of manganese believed to have been present in 
the dedolomitizing solution, based on the actual concentration in 
dedolostones (mean Mn/Ca= 0.3317 x 10- 3), is 11 ppm, 12 ppm and 33 ppm 
given partition coefficients of 16.2, 15 and 5.4 respectively. 
According to data from dedolomitic limestones, the Mn concentrations 
in solutions would be 
25 ppm at K = 5.4, 8 ppm at K = 16.2 in section GPW 
21 ppm at K = 5.4, 7 ppm at K = 16.2 in section GPL. 
Stehli and Hower (1961), Friedman (1968, 1969) and others have 
shown that in recent mostly aragonitic sediments, the Mn content is very 
low (ranging up to SO ppm). According to Thompson (1972), the amount of 
Mn present in shallow-marine carbonates is controlled by the carbonate 
mineralogy, aragonite containing about 20 ppm and calcite up to a few 
percent. Low Mn concentrations in ancient carbonate rocks (like the 
182 ppm Mn in dedolostones) are thus believed to reflect the original 
carbonate phase, mainly aragonite (e.g. Bencini and Turi, 1974). The 
values obtained in this study for the Mn concentrations of dedolomitizing 
solutions, based on actual concentrations in the dedolostones and 
dedolomitic limestones, are similar to those present in recent aragonitic 
sediments. 
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On the ba:;is of the vertical distribution of the dedolomite content 
and Sr concentrations, it has been suggested that dedolomitization was 
an early diagenetic process. The Mn concentrations of aragonitic 
composition obtained for the dedolomitizing solution provide additional 
evidence, implying the presence of aragonite at the time of dedolomiti-
zation. Waters transforming aragonite into calcite could have taken 
up Mn from the aragonite, thus accounting for the concentrations in the 
dedolostones and dedolomitic limestones. This is in agreement with the 
environmentally controlled variation of dedolomite content (Figs. 5.20 
and 5.21). 
Iron 
The Fe/Ca molar ratio in the dedolostones range's from 0. 3620 x 10-2 
to 0.8895 x 10- 2 with a mean of 0.5329 x 10- 2 (0.3% Fe), std. dev. = 
0.1914 x 10- 2 • In the dedolomitic limestones, the mean Fe/Ca is 
0.3747 x 10- 2 lU.U% Fe), std. dev. = 0 .1169 x 10- 2 111 ~et:Lluu GPW anJ 
0.4178 x 10- 2 Co. 23% Fe), std. dev. = 0.1262 x 10-2 in section GPL. 
In Table 4.3 ' the positive correlation coefficient of Fe with 
Al 203 (+0.17) and with Rb (+0.29) and Ga (+0.29), the two other elements 
commonly associated with the clay minerals, suggests leaching of Fe 
from the clays during the laboratory acid treatment of the samples (see 
Appendix B.l). Robinson (1980) has subsequently demonstrated the leaching 
of iron from the clays when using HCl of similar strength. However, 
the positive correlation coefficient (+0.39) of Fe with Mn, the element 
present in the carbonate phase (discussed on p.143) and with Mg (+0.77) 
representing the dolomite content, suggests that not all iron has been 
derived from the clays. Some Fe must also be present in the carbonate 
phase. 
Fig. 5.25 shows the relationship of Fe/Ca to dedolomitization. The 
trend of increasing iron with dedolomitization is not very apparent from 
0·8 
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Fig. 5.25, but is suggested by the positive correlation coefficients 
(+0.47 in section GPW, and +0.56 in section GPL). However, as 
Robinson (1980, p.138) states, "Acid-soluble Fe results should be 
treated with caution." 
The possibility of an increase in iron content during dedolomitiz-
ation is suggested especially by the occurrence of iron-rich relict 
rims (Fig. 5.10). Conversely, Fig. 5.9 (see description of palimpsest 
texture) has shown that the iron-:rich rims are generally absent from de-
dolomitized rocks. Furthermore, there are other textures like the 
mosaic of anhedral ealcite in rhombohedra (described on p.109 ), in 
which staining has shown no iron enrichment. Thus, the probability of 
both an increase and loss of iron during dedolomitization exists. It is 
now known that Mn and Fe may behave differently (e.g. Hem, 1970, p.126), 
i.e. the demonstrated Mn increase during dedolomitization (Figs. 5.23 
and 5.24) may not nqcessarily also correspond with an increase in Fe. 
Similar observations were made by Meyers (1974), who distinguishe~ 
cements with five different combinations of Fe and Mn. 
In the present stutly, the exact relationship of Fe to dedolomitiz-
ation remains uncertain due to the presence of some unknown amount of Fe 
leached from the clays. Thus, the limitations imposed on the data, 
permit discussion in general terms only. 
Veizer (1977) states that a calcite in equilibrium with sea-water 
should contain about 70 ppm Fe (for a partition coefficient of 21). 
If this is correct, then the concentrations 1-n the dedolostones and 
dedolomitic limestones (in the present study) argue against the formation 
of dedolomites from sea-water. Further, Meyers (1974, p.858) points out 
+++ 
that nearly all the iron in sea-water is present as Fe and therefore 
the ferroan calcites (determined by staining with potassium ferri-cyanide) 
cannot precipitate out of normal marine waters. 
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I 
According to Hem (1970), in cases where the bicarbonate activity 
does not exceed 61 mg/l, the ground waters may carry as much as 50 mg/l 
of ferrous iron at a pH between 6 and 8. He also reports that in many 
areas, the occurrence of 1 to 10 mg/l of iron is common. Thus, if iron 
content increased during dedolomitization, then reducing conditions 
prevailed as according to Evamy (1969) reducing conditions seem to 
enable iron to enter the calcite (dedolomite) lattice. 
I I 
Except for two samples (Figs. 3.22 and 3.23), no other vadose 
cements were observed in the study area. The iron-rich relict rims are 
believed to form in a phreatic environment with low Eh (Richter and 
Fuchtbauer, 1978, p.856). Evamy (1969) had earlier proposed a similar 
origin for calcite cements that contained ferrous iron. Those 
dedolomitization textures which show no iron enrichment could also have 
been formed by phreatic waters according to Petta (1977), who states 
that "the absence of ferrous iron does not imply that the cement was 
precipitated in the vadose zone, but only that phreatic waters did not 
have a low Eh or that little dissolved iron was available." 
Sodium 
The small negative correlation coefficient of Na with Al 203 (-0.15) 
in Table 4.~ indicates that Na is not related to the clay content. 
This shows that the bulk of the Na occurs in the lattices of the 
carbonate minerals. 
The Na/Ca molar ratio in the dedolostones ranges from 0 
to 1.3796 x 10-3 with a mean of 0.2675 x 10-3 (62 ppm Na), std. dev. = 
0.4984 x 10- 3. In the dedolomitic limestones, the mean Na/Ca is 
0.2461 x 10-3 (57 ppm Na), std. dev. = 0.3023 x 10-3 in section GPW 
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in sections GPW and GPL. 
A decrease in Na during dedolomitization is indicated in a plot 
of Na against the dedolomite precentage (Fig. 5.26). Further evidence 
is provided by the vertical variation of Na/Ca in Figs. 4.15 and 4.16 
Most of the supratidal and upper intertidal samples (in spite of their 
containing early diagenetic dolomites) have little or no Na in 
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comparison with the other samples. This is in contrast to the 
observations made elsewhere in Junee Group carbonates by Basnayake (1975), 
and Rao and Naqvi (1977). They found higher concentrations of Na in 
dolomitized (early diagenetic) supratidal samples (without dedolomite) 
as compared to samples from other environments. It has already been 
suggested (p. 138) that dedolornitizing solutions were derived from 'a 
landward source during regressive phases. Thus, it is to be expected 
that Na loss due to dedolornitization would be more pronounced in the 
supratidal than elsewhere. 
Na concentrations in carbonate rocks are considered to indicate the 
salinity and reflect the chemistry of the diagenetic solutions (Fritz 
and Katz, 1972; Land and Hoops, 1973; Land et al., 1975; Rao and Naqvi, 
1977; Veizer et ai., 1977, 1978; and others). Decreases in Na due to 
meteoric ~iagenesis in Recent and Pleistocene carbonate sediments have 
been observed by Land and Hoops (1973). According to Veizer et al. (1978) 
a calcite in equilibrium with sea-water contains a little over 200 ppm Na, 
whereas a calcite in equilibrium with meteoric water contains about 
25 ppm Na. The present values in the dedolostones and dedolornitic 
limestones are closer to the meteoric calcites suggesting that 
dedolornitization occurred in a fluid medium with markedly different 
salinity from the original marine water. 
Natural waters have a wide range of Na concentrations ranging from 
1 ppm (in rain water) to 100,000 ppm in closed brines (Hern, 1970). 
) 
The experimental Na distribution in calcites is pH controlled (White, 
1978). Because of this, without putting a constraint on the pH at the 
time of dedolomitization, the experimental data of White cannot be 
utilized to derive the composition of the dedolomitizing solutions. 
ORIGIN OF DEDOLOMITES 
~edolomites may form by the action of sea-water (Katz, 1971; 
Al-Hashimi and Hemingway, 1973; Al-Hashimi, 1976) or of fresh water 
(Shearman and Shirmohammadi, 1969; Fritz, 1967; Goldberg, 1967; 
Abbott, 1974; Longman and Mench, 1978; and others). 
In the Gunns Plains Limestone, based on the .vertical distribution 
of the dedolqmite content and abundance of dedolomite fabrics in the 
supratidal and upper intertidal zones of the different depositional 
cycles (see p. 138) implies that dedolomitization was brought about by 
influx of solution~ from a landward source during early diagenesis. 
Solution compositions in terms of Sr and Mn have indicated the presence 
154 
of metastable phases thereby implying that the transformation to stable 
calcite had not been completed. Low Na concentrations in the dedolomitized 
rocks are probably due to the non-saline character of the dedolomitizing 
solutions. 
The above inference of landward derived solutions is further sub-
stantiated by the trace element concentrations in the two laterally 
equivalent sections shown as Table 5.2. 
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Table 5. 2 
DISTRIBUTION (MEAN) OF TRACE ELEMENTS IN SECTIONS GPL AND GPW 
DEDOLOMITIZATION 
Section GPL GPW 
Depositional Mostly intertidal and Mostly suprattdal and 
environment sub tidal upper intertiqal 
' 
Mean Std.Dev. Mean Std.Dev. -- --
Sr x 10- 3/Ca 0.7879 0 .0725 0.5422 
. 0.0827 
Mn x 10-3/Ca 0.2129 0.0540 0 .2572 0.0567 
Fe x 10-2/ca 0.4178 0.1262 0.3969 0 .1384 
Na x 10- 3/Ca 0.3609 0.2701 0.2516 0.3330 
DedolomHe (me.o..n) 22 29 
percentage 
It has been demonstrated that during dedolomitization loss of Mg, Sr and 
Na together with increase of Mn takes place. Under certain conditions 
an increase of Fe also takes place. As seen in Table 5.2, the effect 
of dedolomitization (in terms of trace element concentrations) is more 
pronounced in section GPW (mostly supratidal and upper intertidal) as 
compared to section GPL (mostly intertidal and subtidal). A general 
model of dedolomitization in the Gunns Plains Limestone is sho1~n as 
Fig. 5.27. 
The formation of dedolomite is believed by many authors to be re-
presented by the equation: 
Caso ... + CaMg(C03)i +! 2CaC03 + MgSOi.. 
The sulphate ions needed for the reaction are attributed to the dissolution 
of gypsum or anhydrite (De Groot, 1967; Goldberg, 1967; Abbott, 1974; c-nd 
others) or the oxidation of pyrite (Evamy, 1969; Folkman, 1969). 
GUNNS PI-Al NS ------------sw 
,:1.-A-r 
Fig.5.27.A general model for dedolomitization 
due to influx of ground water during regressive 
phases in the Gunns Plains Limestone. 
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ln the st11dy acea, evaporitic moulds although present are not common. 
Pyrite is even less common than the evaporitic moulds. However, the 
possibility of sulphate ions being derived from the dissolution of 
evaporite minerals cannot be over-ruled. Perhaps, they were in greater 
abundance than now suggested in areas now eroded away (marginal to the 
tidal flats, south-east of section GPW). 
157 
The process of dedolomitization can also take place in the absence 
of sulphate ions (Katz, 1968; Folkman, 1969; Al-Hashimi and Hemingway, 
1973). According to Lippmann (1973), Hanshaw and Back (1979), 
dolomite may convert to CaC0 3 in the presence of calcium-rich solutions 
according to the reaction: 
++ 
2CaC03 + Mg 
According to Abbott (1974), dedolomitization can proceed in a ground-
water system where the Ca/Mg activity ratio is greater than 1 and this 
ratio is initially determined by the type of rocks in the ground-water 
source terrain. Meteoric ground-water passing through a carbonate terrain 
(in this study metastable carbonates) can account for high Ca/Mg ratios. 
According to Land (1967), fresh waters that may be undersaturated with 
respect to CaC03 remove Mg++ from magnesian calcite by exsolution or 
incongruent dissolution and congruently dissolve aragonite. At a low 
PCOz' dolomite dissolves incongruently (Yana'teva, 1955; De Groot, 1967). 
Extensive flushing by fresh water may remove the Mg as Longman and 
Mench (1978) have proposed. At the same time, abundant Ca++ ions may be 
derived from the dissolution of ara~onites in the recharge area to raise 





Petrographic and geochemical studies indicate that the limestones 
at Gunns Plains have undergone early diagenetic supratidal dolornitization 
and dedolornitization. At times of dolornitization, mixing with the 
dolornitizing brines of small amounts of water from a landward source 
took place, but this did not alter the (?hypersaline) fundamental marine 
character of the dolornitizing brines. A greater influx of non-saline 
ground water resulted in dedolomitization of the dolomitic rocks. 
The isotopic composition of carbonate rocks depends not only on 
the environment at the time of deposition, but also on isotopic exchange 
processes since deposition, i.e. diagenesis (Land and Epstein, 1970). 
Therefore, besides the petrographic and geochemical evidence, additional 
insight into the nature of depositional and diagenetic changes 
(limestone + dolomitic limestone + dedolornitic limestone) may be gained 
by isotopic analysis. 
With this in view, 32 limestones, dolomitic limestones and 
dolostones, and dedolornitic limestones were analyzed for oxygen and 
carbon isotopic abundances. 
SAMPLE PREPARATION AND ANALYTICAL PROCEDURE 
Three different series of samples were selected for isotope analysis: 
1. About 40 mg of powdered limestone samples (containing less than 10% 
_dolomite) were reacted with 100% phosphoric acid at 2s 0 c following 
the method described by Mccrea (1950) . The C02 extracted after 
three hours reaction has been taken as corning from the calcitic parts. 
TABLE 6.1 159 
s eries 1 I t : so ope An 1 a.yses 
UTGD 
0180 %0 o13c %0 
Number Rock Type PDB SMOW PDB 
49041 -6.5 +24.2 +0.1 Intraclast bearing 
micrite 
49051 -6.9 +23.7 -0.4 Dismicrite 
49062 -6. 7 +24.0 -0.7 Biomicrite 
49065 -7.3 +23.3 -0.3 Biomicrite 
49112 -8.3 +22.3 -0.7 Biomicrite 
49115 -8.3 +22.3 -0.8 Pelbiomicrite 
49112 -8.6 +22.0 -0.7 Biomicrite 
49126 -6.4 +24.3 o.o Biosparite 
49143 -6.0 +24.6 -0.6 Pelbiomicrite 
TABLE 6.2 
s eries 2 I : sotope A 1 na.yses 
Limestone 
Dolomite UTGD (calcite+dedolomite) 
Rock Type Number 
o 18o %0 0 l 3c %0 0180 %0 o l 3c %0 
PDB SMOW PDB PDB SMOW PDB 
49053 -6.8 +23.9 +0.7 -4.4 +26.3 +1.3 Intraclast bearing 
fossiliferous micrite 
49072 -5.4 +25.3 +1.6 -3.l +27.7 +1.8 Fossiliferous micrite 
49078 -6.5 +24.2 +0.5 -4.2 +26.5 +0.8 Intramicrite 
49080 -5.7 +25.0 +1.4 -3.2 +27 .6 +1.1 Fossiliferous micrite 
49121 -6.4 +24.3 +1.1 -3.1 +26.4 +1. 7 Dolomicrite 
49181 - - - -4.4 +26.3 +0.7 Intraclast bearing 
fossiliferous micrite 
49164 -7.1 -i-23.5 -1.5 -5.1 +25.6 -0.7 II II 
49090 -7.0 +23.6 -1.0 -5.6 +25.0 0.0 Intramicrite 
TABLE 6.3 
Series 3: Isotope Analyses 
Dedolomite Dolomite 
UTGD 0180 %0 o13c %0 0180 %0 o l 3c %0 Rock Type Number 
PDB SMOW PDB PDB SMOW PDB 
49080 -4.0 +26.7 -0.4 - - - Fossiliferous micrite 
49055 - - - -2.6 +28.2 0.0 Micrite 
49076 -4.5 +26.2 -0.6 -3.0 +27.8 -0.4 Intraclast bearing 
fossiliferous micrite 
49061 -5.0 +25.7 +0.2 -2.2 +28.6 +0.1 Intraclast bearing 
micrite 
49111 -4.2 +26.5 -0.4 -2.1 +28.7 +1. 7 Intraclast bearing 
biomicrite 
2. In dolomitic limestones (10 to SO% dolomite) and dolostone 
(>SO% dolomite), no separation of the dolomitic and calcitic 
parts was attempted. About SO mg of the powdered samples were 
permitted to react with the phosphoric acid. The C02 extracted 
after three hours reaction was taken as coming from the calcitic 
parts. Further reaction was allowed to proceed and the C02 
collected after 
1
18 to 20 hours was taken as c9ming from the 
dolomitic parts. (This is essentially the procedure followed by 
Sheppard and Schwarz, 1970.) 
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3. In samples with a dense mosaic of dolomite, as revealed by micro-
scopic examination, about SO mg of the central part of these mosaics 
was removed with the help of a vibrator drill. (Extreme care is 
required in this operation, so as not to include any surrounding 
micritic calcite.) The C02 obtained after three hours reaction of 
this fraction with the acid is considered to represent the 
dedolomites, while that obtained after 18 to 20 hours is taken to 
represent the dolomite. 
It must be kept in mind that for series 1 and 2 analyses, any 
dedolomite ~hat might have been present would now be included in the 
limestone (calcite) part. [See discussion below.] The dolomite 
o18o and 513c values obtained in series 2 and 3 are for pure dolomites 
without any dedolomites in them. As shown in Table 6.3, the values 
obtained for the dedolomites in series 3 analyses are distinct from 
those of limestones (calcites) shown in Tables 6.1 and 6.2. 
Cylinder C02 , calibrated against TKL (Tekviti Limestone, New 
Zealand) was used as a working mass spectrometer standard. Isotopic 
measurements of the C02 gas were made on a VG Micromass 602D mass spectro-
meter with 13c and 180 expressed in the a-terminology, as parts per mil 
(%0) deviation relative to the PDB standard (=BeZemniteZZa americana 
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b018 PDB 
Fip.; .6 .1. Plot of b C1~ and "6019 data. Open circle: limestone; closed 
circle: Vei~er and Compston (1974) data. for Gordon Limestone 
Sub~roup; cross: dedolomite: square: dolomite. Line separating 
fresh water and seawater s:imples after Keith anr1 Weber ( 1964). 
About 84 ~ of marine limestones analysed by Keith and Weber fall 
ln box labelled marine. 
R - R sample standard x 1000 
Rstandard 
where R = isotope ratio for either element. 
The oxygen isotope data have also been expressed relative to 
Standard Mean Ocean Water (SMOW) using the following expression of 
Friedman and O'Neil (1977): 
0180 , x 1. 03086 + 30. 86 PDB 
RESULTS 
All results of oxygen and carbon isotopic analyses are listed 
in Tables 6.1, 6.i and 6.3. Figure 6.1 shows the o18o values plotted 
against the al3c values. 
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In order to use the isotopic composition of the analysed samples, 
it must be decided whether these analyses reflect the original 
depositional composition or whether the samples have undergone exchange 
reactions since deposition resulting in changes to the isotopic 
composition. 
Dedolomites 
During dedolomitization, the dolomite crystals are partly or 
totally replaced by calcite (dedolomite). The resultant effect of 
dedolomitization in the limestone part of a sample is revealed in 
microscopic studies by the occurrence of relict rims (see Chapter 5). 
This microscopic evidence of a transition from dedolomites to li~estone 
(micrite) indicates (by itself) that the isotopic composition of the 
limestone part could have been affected by the dedolomitization process. 
On this basis, it is reasonable to assume that the limestone values in 
Tables 6.1 and 6.2 could reflect some degree of re-equilibration in 
their isotopic composition during dedolomitization. 
+1 
~ n_. 
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Fig.6.2. Relationship of Mg/Ca molar ratio representing the 
dolomite content with (b) ,&018 and (a) &c13.Relationship of 
dedolomite with ~C13 and cS018 shown in (c) and (d) respectively. 
Tile dedolomites have o18o values ranging from -4.0 to -5.0%oPDB 
(+26.7 to +25.7%oSMOW) and ol3c values from +0.2 to -0.6%oPDB" 
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Fig. 6.1 shows that the olBo values of the dedolomites are within the 
limits given by Keith and Weber (1964) for marine limestones. If 
dedolomitization proceeded under marine conditions, then the earlier 
conclusion drawn in Chapter 5 regarding an influx of non-marine water 
from a landward source during dedolomitization would be in doubt. 
However, the following discussion will sho~ that sea-water is unlikely 
to have been responsible for dedolomitization. 
A plot of the dedolomite content and the o18o and ol3c content 
is shown as Figs. 6.2c and 6.2d. Tilese samples are from three different 
cycles and were the only ones from which dedolomite could be extracted 
without risk of contamination from original calcite (micrite). [See 
sample preparation, p. 160.] Tilus within the limitations imposed by 
the small number of suitable dedolomites, the samples plotted in 
Fig. 6.2d show a tendency towards a depletion in 180 with increasing 
dedolomite content. Tile o13c values obtained for dedolomites are 
similar to those of dolomites and limestones. No clear relationship of 
c1 3c with the dedolomite content is evident from Fig. 6.2c. However in 
sample 49080, isotopic analyses for limestone (calcite+ dedolomite), 
dolomite and detlolomite gave o13c values of +1.4, +1.1 and -0.4~0 • 
Tilis light o13c value of -0.4%<> in dedolomite compared to the calcite + 
dedolomite fraction suggests depletion of 1 3c during dedolomitization. 
The o1 Bo values in dedolomites would depend on the amount of 
dedolomitizing solution, its isotopic composition and temperature. Tile 
isotopic composition of the carbonate must also have been controlled by 
the ratio between the quantity of dedolomitizing solution and amount of 
dedolomite formed, i.e. the water to rock ratio. For one sample (49080), 
isotopic analysis was performed on three separate fractions: limestone 
(calcite+ dedolomite), dolomite and dedolomite. Tile o18o values 
are -5.790o, -3.2%• and -4.0%o PDB respectively. The dedolomite al80 
value of -4.0%0 probably reflects a decrease in the 180 content of 
the sample during dedolomitization, but as compared to the limestone 
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180 value (-5.7%0), the dedolomite is heavier in its oxygen content. 
According to Fritz (1967, p.1263), if only a small amount of fresh 
water is available (for dedolomitization), it will change its isotopic 
composition during the process of solution (of limestone) and reprecipi-
tation of carbonate (dedolomite). Thus, as the fresh water dissolves 
mainly marine carbonates it becomes gradually enriched in 180 and 
therefore one finds a consequent progressive enrichment in heavy 
isotopes in the newly formed calcite (dedolomite). 
Further argument to negate the possible sea-water origin of 
dedolomites proceeds in three steps: 
a) Calculation of the present value of c 18o of the original calcite 
(formed from aragonite?) of the limestones, including the curnulaLlve 
effects of diagenesis on al8o. 
b) The establishment of a relationship between the water to rock1ratio 
the c18o values of dedolomitizing solution and calcite prior to 
dedolomitization. 
c) Use of known limits of isotopic composition of marine carbonates 
with the results of step (a) and (b) to delineate all possible p~ired 
values of water to rock ratios and c18o of dedolomitizing solution in 
order to compare that water with sea-water. 
The following symbols will be used: 
R = whole rock D = dolomite 
ca0 = original carbonate fraction 
W/R = water to rock ratio (molar) 
C = calcite Dd = dedolomite 
X = mole fraction 
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o1Bo of Original Carbonate Plus Effects of Diagenesis 
It has already been mentioned in the earlier discussion (p .16~) 
that the isotopic composition of the limestones may have been affected 
by the dedolomitization process. The series 1 and 2 analyses sampled 
oC + Dd in the first C02 fraction and oD in the second fraction of 
series 2. It has also been mentioned previously that in one sampl,e 
I 
(49080) it was possible to separate a fraction of D and Dd uncontaminated 
by C. Thus, for this
1 
case alone, the following data exists: 
and 
R = C + D + Dd 
voeume est. Molar proportions olBoPDB -
64% c = 64% 0. 71 ? 
36% D = 22% 0.13 -3.2 (+27 ·6sMOW) 
40% Dd = 14% 0.16 -4.0 (+26 · 7SMOW) 
c + Dd = -5.7% 
In the C + Dd fraction 
o(C+Dd) = oC.XC + oDd.XDd (X = mole fraction with respect 
to total calcite only) 
xc 64 = 64 + 14 = 0.82 
XDd 14 0.18 = = 64 + 14 
-5.7 = (oC x 0. 82) + (-4.0 x 0.18) 
oC -5. 7 + 0. 72 6. l%o PDB (or +24 .0%" s~mw) = = 0.82 
Thus -6.1%0 PDB = oCa0 + effects of diagenesis, where oCa0 refers to 
the o18o value of the original carbonate at the time of deposition, i.e. 
prior to diagenesis. It must be kept in mind that the above mass balance 
calculations depend on the correct estimation of the dolomite and 
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WATER/ROCK RATIOS 
Fig.6.J. Relationship between bC~ and W/R ratio.The 
W/R ratio is based on Taylor (1974) equation for 
closed system.See discussion in text. 
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Relationship Between W/R, oCa0 and o18o Content of the Dedolomitizing 
Solution 
Suppose that all subsequent changes in &Ca0 can be ascribed to 
dedolomitization. [Changes due to dolomitizing fluids, which were 
fundamentally marine, and therefore already in isotopic equilibrium 
with original calcite can be ignored.] 
l 
The W/R ratios, can be calculated by using the equation given in 
Taylor (1974) assuming complete equilibration during dedolomitization. 
W/R = 
- L\) 
where i = initial value 
f = final value after exchange 
L\ = f oH
2
0 fractionation factor 
For the present case, considering only the calcite and dedolomite in 
the rock, which form 87% of the total rock (see step a), the relationship 
can be expressed as: 
W/R = 
0 oc - oca 
0 oW - (oC - L\) 
where L\ = calcite-water fractionation factor 
ow0 = o1 Bo value of the dedolomitizing solution 
The temperature at which dedolomitization occurred in the Gunns Plains 
limestone is not known. Dedolomitization is considered to be a near-
surface process. Experimental work (e.g. De Groot, 1967; Al-Hashimi and 
Hemingway, 1973) has shown that the process is even operative at room 
temperatures. Therefore, assuming a temperature of 2s0 c and using the 
Epstein et aZ. (1953) equation for calcite-water fractionation, the 
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Fig.6.4. Relationship between bC~ and W/R ratio 
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to be +24.0%aSMOW (-6.l%oPDB). Substituting in the above relationship, 
+24.0 - oCa0 
W/R = 
oWo - (24.0 - 28.0) 
= 
24 - oCa0 
oW0 + 4 
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For chosen values of aw0 (O, -4.0, -5.0 and -10.0%os~mwL values of oCa0 
and W/R have been plotted in Fig. 6.3. The, point shown on the Y-axis 
of the figure is the oC value. From this figure, it is seen that if 
I 
oW0 = <-4.0, oCa0 > oC. If dedolomitizing waters were of this isotopic 
I 
composition, then, original carbonate would have become isotopically 
lighter during dedolomitization, regardless of W/R ratio. 
According to Taylor (1977, p.524), the above relationship for 
determining W/R ratios applies to systems in which continuous recirculation 
and cyclic re-equilibrqtion of the water takes place with insignificant 
loss. In a system (open) where each increment of water makes only a 
single pass, the equation for determining W/R ratio is 
W/R = log e 
i si 0H20 + b. - uRock 
i ci A) 0H20 - Rock - u 
Based on this relationship, for chosen values of aw0 (0, -3.0, -3.9, -4.1, 
-4.5, -5.0 and -10.0%0), the 0Ca0 and W/R have been plotted in Fig. 6.4. 
Again, it can be seen that if aw0 = <-4.0, oca0 > oC. 
Delineation of Paired Values of W/R Ratios and o18o of Dedolomitizing Solution 
The above discussion has not been able to place enough constraints 
to determine whether or not sea-water was involved in dedolomitization. 
To investigate this, extra data must be invoked. 
According to the data of Keith and Weber (1964), 85% of their 
samples contained o18o in the range of about -4.5 to -2.0%oPDB' or +26.2 
to +28.8%oSMOW" Assuming that the Ordovician marine carbonates of the 
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Fig.6.5. Permissible values of dedolomitizing solution and W/R ratio. 
The field liP.s awa.y from seawater of present day composition, thus 
ruling it out as tha agent of dedolomitization. 
26.2 < oCa0 < 28.8%0 
or 26.2 < 24.0 - W/R (oW0 +4) < 28.8 
2.2 < -W/R (oW0 +4) < 4.8 
For any chosen value of ow0 , the range of W/R can be calculated, 
"f w0 = 0, e.g. 1 
2.2 < -4 W/R < 4.8 
-0.55 > W/R > 1.2 
Since negative values of W/R are not valid, it can be seen that only 
values of ow0 < -4.0 g~ve reasonable solutions. The field of such 
solutions is plotted in Fig. 6.5. 
e.g. for oW0 = -5.0, 2.2 < -W/R (-1) < 4.8 
for oW0 -6.0, 2.2 < -W/R (-2) < 4.8 
for aw0 -10.0, 2.2 < -W/R (-6) < 4.8 
0 A more precise estimate of oW now depends on estimating W/R. In any 
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case, it is seen that oW0 cannot be O%oSMOW' i.e. sea-water of present 
day composition is ruled out as the agent of dedolomitization. However, 
the possibility of isotopically lighter sea-water during the Palaeozoic 
has also been advanced (e.g. Fritz, 1971; Perry and Tan, 1972; 
Veizer, 1977). In addition, Knauth and Epstein (1976) favour higher 
temperatures (av. 34°C) for the early Palaeozoic. At present the 
isotopic composition and maximum temperature·of the Palaeozoic 
oceans remain uncertain (Hudson, 1977, p.645). 
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Dolomites 
Perusal of the literature shows that stable isotope determinations 
have yielded contradictory results. According to O'Neil and Epstein 
(1966) the penecontemporaneous dolomites are enriched in their 180 
content by 5.0 to 7.0%o relative to calcite (syngenetic). Other 5180 
enrichment values reported range from 0.5 to 10%0 (see Weber, 1964; 
Gross and Tracey, 1966; Fritz, 1967; Hall and Friedman, 1969; Sheppard 
I 
and Schwarz, 1970). 5180 values isotopically lighter than coexisting 
calcites are also known (e.g. Fritz, 1967; Bausch and Hoefs, 1972). 
The isotopic fractj,onation of oxygen in the dolomite-water system 
at low temperature is not well known and the above-mentioned enrichment 
of 5.0 to 7.0%• is obtained by extrapolation of oxygen isotope fraction-
ation from high temperature experiments. Matthews and Katz (1977) 
observed nearly zero enrichment in 180 between synthetic hydrothermal 
dolomite and its precursor calcite. To explain the variation in 
observed fractionation many workers have concluded that enrichment only 
occurs under equilibrium conditions, but Fritz and Smith (1970) have 
shown experimentally that protodolomites (believed to form under non-
equilibrium conditios) were enriched by approximately 3 to 4%o relative 
to pure calcite. Evaporation is also believed to result in higher 180 
· values (e.g. Epstein and Mayeda, 1953) and qas led to suggestions that 
dolomites isotopically heavier than coexisting calcite form in the 
presence of hypersaline brine which is enriched in 180 by evaporation 
(e.g. Berner, 1965; Gross and Tracey, 1966). In ancient carbonates, 
the interpretation of isotopic data is further complicated by the 
inference that past oceans had a lower 180 content than the present day 
oceans (e.g. Fritz, 1971; Friedman, in Ross et aZ . , 1975). 
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The above brief discussion shows the state of controversy 
regarding the isotopic data interpretation of dolomites~ It is within 
these overall limitations that the isotopic data of dolomites in the 
present study is discussed. 
The ol 8o values in dolomite are believed to be prone to diagenetic 
exchange processes (e.g. land and Epstein, 1970; Land et ai., 1975). 
According to Gross (1964) and Land et al. (1975) the general trend 
during diagenesis is a depletion in l3c and 180 from marine carbonate 
I 
minerals as a result of re-equilibration with meteoric water. On the 
other hand, it is believed that marine environments can be differentiated 
from fresh water environments (e.g. Keith and Weber, 1964). Thus there 
are two extreme models: 
1. The &18o content of the dolomite remained unchanged at the time 
of dedolomitization, i.e. the dolomite, which formed under marine 
conditions did not undergo isotopic exchange with non-marine 
water at the time of early diagenetic dedolomitization. 
2. The o18o content of dolomite changed during dedolomitization, 
i.e. dolomite underwent isotopic exchange and came into isotopic 
equilibrium with the newly formed calcite (dedolomite). 
In the present study, the o18o values in the dolomites range from 
-2.1 to -5.6%oPDB (+28.7 to +25.0%oSMOW). All dolomites are heavier 
in their o18o content compared to calcites analyzed from the same 
samples (see Table 6.2). The degree of enrichment relative to calcite 
in sample 49090 is 1.4%0, while in others it ranges from 2.0 to 3.3%o. 
It must be kept in mind that this 180 enrichment in dolomites is relative 
to those calcites which are believed to have undergone isotopic exchange 
during the process of dedolomitization (see previous discussion). As 
the dolomites m~y have also undergone isotopic exchange during dedolomi-
tization, the initial relative enrichment resulting from dolomitization 
may have been significantly different. 
According to the experimental work of Tarutani et aZ. (1969), 
Mg-rich calcites are enriched in 180 relative to pure calcite. Supko 
(1977) observed a trend of lBo enrichment with increasing mol % MgC03 
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in dolomites. In the present study, a plot of o1 Bo against the Mg/Ca 
molar ratios, representing the dolomite content (Fig. 6.2b) shows a 
random relationship. However, the o1 3c values of dolomites show a 
trend of more positive ol 3c values with increasing Mg/Ca (Fig. 6.2a). 
According to Rothe, Hoefs and Sonne (1974, p.392), shells of HydPobia 
feeding on algae have high Mg. As this high Mg is chlorophyll-derived, 
the ol3c values are low because 12c is enriched in plant tissues and 
therefore high Mg contents should correlate with low ol3c values. It is 
believed that a trend similar to that of Rothe et at. (1974) would 
have been present in dolomites, if the Mg in these dolomites had been 
derived from algal mats. 
At this stage, the interpretation of the isotopic data is 
equivocal. The situation cannot be resolved without a better under-
standing of the process of dolomite formation at low temperature. 
Limestones 
The limestones (calcites) have olBo values ranging from -5.4 to 
-8.6%oPDB (+25.3 to +22.0%oSMOW) and ol3c values ranging from +1.6 to 
-1.5%.Pos· The only other previous isotopic analyses of the Gordon 
Limestone Subgroup have been done by Veizer and Hoefs (1976) . They 
analyzed 12 limestone samples from different localities (mostly from 
the Florentine Valley type area; see also Veizer and Compston, 1974) 
and reported olBo values ranging from -5.0 to -9.1%oPDB' and ol3c values 
ranging from +2.2 to =0.8%oPoB· These values have also been plotted in 
Fig. 6.1 tqgether with the values obtained in this study. Considering 
the widespread locations covered by Veizer and Hoefs (1976), their 
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reported values are quite similar to those obtained in the present 
study. 
Both petrographic studies and the discussion of the isotopic 
data of dedolomites (p.162 ) have shown that the limestones have been 
affected by dedolomitization. Veizer and Compston (1974) have also 
stated that their values probably reflect partial diagenetic equilibration, 
although they do not mention the time'at which this re-equilibration 
' 
may have taken place .. Green et aZ. (1980) h.ave analyzed rain water 
and cave seepage samples from Tasmania in order to study their effects 
on diagenesis. Green (pers. comm., 1980) reports o1Bo values for waters 
from near the study area (Mole Creek) to be -6.0 to -8.0%oSMOW" These 
values based on the calcite-water fractionation factor of +28.0 at 25°C 
(Epstein et aZ., 1953) result in values of +34.0 to +36.0%o for the 
calcite. Comparison with the measured alBo values in the present study 
(see Tables 6.1 and 6.2) shows that no re-equilibration with present day 
waters has t.aken place. Thus a similar spread of values in the 
Florentine Valley (Veizer and Compston, 1974) as in the present study 
suggests possible re-equilibrat~on during early diagenesis. 
According to Keith and Weber (1964), samples_ with o13c heavier 
th.an -2 .0%• PDB are of marine origin. The analyzed samples (see · 
Table 6.1) fall within this range. According to Degens and Epstein 
(1964), the o13c in carbonates is more resistant to depletion than o18o 
due to a larger reservoir of carbon in the marine sediments relative 
to the HC03 in the diagenetic solution. Hudson (1975) believes that 
ancient limestones with o13c values in the marine range were not affected 
by near-surface fresh water diagenesis, but by burial. diagenesis. The 
opposite view is held by Allan and Matthews (1977, p.18), who state that 
negative values are rare in ancient limestones not because subaerial 
diagenesis was less important, but because highly negative values are 
only produced near the subaerial exposure surface .. In other words, 
deeper vadose or phreatic samples would not have negative values. 
In the present study, it is believed that the al3c values in the 
limestones, like the also content, must have undergone re-equilibration 




SUMMARY AND CONCLUSIONS 
In this study the Ordovician Gordon Subgroup at Gunns Plains is 
represented by a 450+ m thick carbonate sequence named the Gunns Plains 
Limestone. 
Skeletal debris followed by intraclasts are the most common allo-
I 
chemical constituents., Pellets, in significant amounts, occur only in 
sections GPR and GPD and are believed to have been more abundant than now 
recognised. This is based on the observations that pellets are often 
difficult to differentiate from the micrite matrix or patchy recrystall-
ization and dolomitization may be seen obliterating the pellet texture. 
Oolites are noticeably absent from the Gunns Plains Limestone, occurring 
sparsely in section GPL. Oncolites occur very sparsely and only in 
section GPL. 
The carbonate rock types (microfacies) recognized in the Gunns Plains 
Limestone are dominantly micritic in composition and based on their 
interpreted environments, have been grouped into three major facies 
supratidal, intertidal and subtidal. Sixty-three percent of the total 
samples have been interpreted as belonging to the intertidal facies. 
Microfacies observed are (a) subtidal - sparse and packed biomicrites~ 
biosparites, pelbiomicrites, fossiliferous micrites and micrites; 
(b) intertidal - sparse biomicrites, biopelmicrites and pelbiomicrites, 
pelmicrites and pelsparites, intrapelsparites, intrabiomicrites, intra-
oncosparites, intramicrites and intrasparites, intraclast-bearing micrites, 
intraclast-bearing fossiliferous micrites, fossiliferous micrites, other 
minor allochem-bearing micrites and dismicrites; (c) supratidal -
dismicrites, fossiliferous micrites, intraclast-bearing fossiliferous 
micrites, intraclast-bearing micrites and intramicrites. 
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Abundant mudcracks, birdseyes,and vertical and random burrows 
characterize the supratidal and intertidal facies, while diverse fossil 
types and random bioturbation features are characteristic of the subtidal 
facies. The intraclast shapes commonly vary from angular to subangular in 
the supratidal fac i es, and rounded to subrounded in the subtidal facies. 
The observed microfacies are believed to represent a tidal-flat 
environment. 
Vertical distribution of the interpreted environments shows that 
carbonate sedimentation was cyclic. These asymmetric cycles range in 
thickness from about 1 m to 6 m, and represent numerous alternations from 
subtidal conditions in the lower part to intertidal and supratidal in 
the upper part, indicating that carbonate accumulation mostly took place 
during regressions and that these depositional regressions represent pro-
gradation of the supratidal sequences. The supratidal sequences are mostly 
immediately overlain by the subtidal sequences, such abrupt transitions 
denoting that the transgressions were rapid. 
Microfacies variation based on the laterally equivalent sections 
GPB, GPW and GPL suggest supratidal conditions in the south and subtidal 
conditions in the north of the study area. The microfacies may be related 
) 
to the Z zone proposed by Irwin (1965). A high energy Y zone probably 
existed in ·the north of the studied area during Blackriveran to 
Kirkfieldian times (i . e. at the time of sections GPL, GPW and GPB 
deposition) as evidenced by the presence of transported (sparse) oolites, 
mostly rounded intraclasts and rare oncolites with irregular outlines in 
section GPL. 
Dolomite is of widespread occurrence i n the Gunns Plains Limestone 
and fits the description of "strata! dolomites" as proposed by Fisher and 
Rodda (1969). The brown or gol den -yellow dolomit e ranges in grainsize from 
about 10 to 100µ, the most common range being from 20 to 50µ . This finely 
crystalline dolomite, present as subhedral to euhedral crystals, forms an 
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equigranular mosaic of idiotopic to xenotopic crystals. The dolomite 
occurs in and around intraclasts, in burrows and around mudcrack margins. 
No attempt has been made to estimate the dolomite content from X-ray 
diffractograms. Point count estimates and visual estimates are in good 
agreement. 
Vertical distribution of the dolomite content in the studied sections 
indicate that there were different episodes of dolomitization, of varying 
intensity, during regressions. The dolomite content in the different 
cycles is generally most abundant in the supratidal environment or, where 
supratidal is absent, in the upper intertidal environment of each cycle. 
The subtidal environments commonly contain less than 10% dolomite. This 
early diagenetic dolomite represents tidal flats undergoing sabkha 
diagenesis. 
The Mg/Ca molar ratios, representing the dolomite content, show an 
inverse relationship with Sr/Ca molar ratios. Samples belonging to the 
subtidal f acies have a higher Sr concentration compared to the supratidal 
facies.Sr solution compositions are similar to those of aragonite. 
Na/Ca molar ratios are highly variable. Some Na values are within the 
range reported from elsewhere in the Junee Group for hypersaline supratidal 
dolomites (Rao and Naqvi, 1977). The positive relationship of Mn/Ca 
and Fe/Ca to Mg/Ca, and the higher concentrations of Mn and Fe in the 
supratidal samples suggests an external source for these elements. The 
molar ratio variation (except Na/Ca) is related to the degree of dolomiti-
zation (amount of dolomite) in the different depositional cycles. These 
trends persist despite modifications in the trace element concentrations 
during dedolomitization. 
Evidence suggests that besides the downward seepage of the dolomit-
izing brines, upward or lateral movement also took place. It is believed 
that ground water passing through an aragonitic terrain mixed with sea-
water in an intermediate sabkha zone similar to that reported by McKenzie 
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et ai. (1979) for the Abu Dhabi sabkhas during dolomitization in a reflux 
type of mechanism. 
Dedolomitization textures are easily recognized in the Gunns Plains 
Limestone. Both petrographic and chemical studies demonstrate dedolomi-
tization. 1be degree to ~hich the individual dolomite crystals within a 
single sample are affected is highly variable, ranging from a small clot 
to a whole dedolomitized rhomb. Observation of these textures suggests 
that most have formed as a result of a centripetal type of dedolomitization. 
1be clots of dedolomite are believed to have been randomly generated and 
thus the term "random dedolomitization" is proposed in addition to the 
centrifugal and centripetal types proposed by Shearman et ai. (1961). 
Perusal of the literature shows that all types of dolomite can be 
affected by dedolomitization, in contrast to the proposal made by Lippmann 
(1973) that only calcian dolomites are affected. 
1be complex nature of the dedolomite fabrics has been the main 
obstacle in making a quantitative petrographic estimate of the dedolomite 
content. 1bis is the first study to propose a method for estimating the 
dedolomite content. 1be volumetric estimates of (ideal) dolomite are 
plotted against their Mg/Ca molar ratios. Taking into consideration the 
differences in density and molecular weights of calcite and dolomite, 
curves representing different percentages of dedolomitization are constructed 
with the Mg/Ca = 1 curve corresponding to zero percent dedolomitization. 
1be dedolomite percentage obtained for each sample can.be read directly 
from the graph, which in the present study ranges up to 69%. 
In the different depositional cycles, the dedolomite is generally 
most abundant in the supratidal environment or where supratidal is absent, 
in the upper intertidal environment. 1bis increase of dedolomitization 
in the supratidal and the variable amount in the different depositional 
cycles indicates that dedolomitization occurred in episodes of varying 
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intensity during regressive phases (i.e. early diagenetic process) and 
that the dedolomitizing solutions were derived from a landward source. 
Most studies dealing with the elemental composition of carbonates as 
a function of diagenetic changes have not proceeeded beyond the effects of 
dolomitization. In this study, the relationship of trace elements to 
dedolomitization shows losses of Sr, Na and Mg, and a gain in Mn. The 
relationship of iron to dedolomitization is not clear. 
Sr and Mn concentrations obtained for the dedolomitizing solutions are 
similar to those of aragonite, suggesting that the transformation of 
aragonite to calcite had not been completed. Na values are similar to 
those of meteoric calcites reported by Veizer et al. (1978) indicating 
that dedolomitization occurred in a fluid medium with markedly different 
salinity from the marine water. It is believed that meteoric ground water 
passing through a (metastable) carbonate terrain resulted in dedolomit-
ization. The movement of this water was from the south to the north. 
The o18o values of the dedolomites (-4.0 to -5.0%oPDB' +26.7 to 
+25.7%oSMOW) are within the limits given by Keith and Weber (1964) for 
marine carbonates. The samples show a tendency towards a depletion in 180 
with increasing dedolomite content. Calculation of the al8o of the 
calcite including the cumulative effects of diagenesis on o18o; the 
relationship between the water to rock ratio (open and closed system), 
and o18o values of the dedolomitizing solution and calcite prior to 
' I 
dedolomitization; the combination of the above and use of known limits 
of marine carbonates in order to delineate paired values of water to rock 
ratios and o18o of dedolomitizing solutions show that sea-water could not 
have been the agent for dedolomitization. 
The al8o values in the dolomites range from -2.1 to -5.6%oPDB" 
These values are heavier compared to calcites analyzed from the same sample. 
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It is believed that the initial enrichment prior to dedolomitization in 
dolomites must have been significantly different. At present, interpret-
ation of isotopic data is equivocal and will remain so, until the 
fractionation of oxygen in the dolomite-water system at low temperatures 
is known. 
The o18o values in limestones (-5.4 to -8.6%0) reflect re-
equilibration. Comparison with recent rain and cave waters from near the 
study area shows that this re - equilibration most probably took place 
sometime after deposition. 
According to the data of Keith and Weber (1964), the o1 3c values 
in dedolomites (+0.2 to -0.6%oPDB)' dolomites (+1.8 to -0.7% 0 PDB) 
and limestones (+1.6 to -l.5%oPDB) are of marine origin. In the present 
study, it is believed that like the lBo content, the 13c content must 
have also undergone re-equilibration during early diagenesis. 
This study has demonstrated the changes in the trace element 
concentrations during dedolomitization. It is proposed that, in cases 
where the dedolomite fabrics have been recognized, the trace element 
concentrations for dolomitization may not be valid. Only after consider-
ing the overprints of dedolomitization on the dolomites can trace elements 
be ascribed to the process of dolomitization. This leads subsequently 
to a fuller understanding of diagenetic changes in carbonate rocks. 
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NAME OF ROCK 





D H. ~O. 
D[PTH 
IV MICROSCOPIC DESCRIPTION 
(A) Colour: l. li ht re 2 dark gre 
(B)~: 
3. alternat1n l & 2 4. red 5 other 
(a) Terr1genous material o 
1. Fundamental end-members 
All % volumetric 
[bi ;.J 1ochem1cal material% 
None: leave blank (c) llrthochem1cal material 
2. General homogeneity 1. homogeneous 2 inter:ayered '; irregular 
4 wav 5. w1s 6. d1s-u tcd 7 brecciated 
a) Entire Sortin Index 
Roun ness S er1c1tv 
(b) Gravel fraction 
(c) Sand fraction 
(d) Mud fraction 
4. Textural maturity: 1. unmature 2. subrnature ~- mJ.ture 4. supermature 
s. inversion -
5. Bonding agents: 1. m1cr1te 2.spar 3. dolomit• 4. s1l1ca S.s1lt-clay 
6 other 
6. Grain-ground.mass ratio: Grns:Gm = 1. 1: 9 2 1:9 to 1: 1 3. 1: l to 9: 1 
4. 9•1 
SEar TrEe: l passive, equant mosaic filling 2. passive bladed 
filling 3. very coarse (> 100µ) bl:icky without dolomite 
1nclus1ons and in1t1al finer spar 4. displacive w1th 
dolomite inclusions 5 pass1ve (1-3) and d1splac1ve 
6. pseudospar (>25µ) very 1 rregular margins (m1cr1 te 
clots) 7. Recrytd. intraclasts 
8. M1cr1te type: 1. min1m1cr1 te < l µ 2. nonnal m1cr1te (2- ~u) 
3. micro spar (5-!0u subrhomhic) 
(CJ Grain Composition 
l. Terr1genous materials Note heavy mineral type 
Quartz% Chert% Feldspar% Uay % 
Rock frag. % \1% I 0o V', lla~t. sc<l 
Quartz type Poly.% ~n1% 
Allochem1cal mater1alS 
Fossils% Ool1tes% Pellets (<0 2mm, structure-less)% 
Intra. (>O. 2nun)% Onco.% A, '.!at.~. \!gal species 
3. Algal Mat. - stromatolltes 
Tn1ckness: 
l. <lmm l-2mm 3. 2-Smm 4 Smm-lcm 5. > lLm 
Type 
3. tufted .4. convoluted 
6. LLH-C 7 A SH-C 8. 
l. smooth 
SH-V 
paLsade 5. LUl-5 
4. Iypc of allochcms 
(a) Rclat ive percent of fossils (b) Intraclast (> 0. 2mm) 
Compn: > SO% 0 
1. Algal 
Rn il vcs 
' 
Brach1opod.s 
Bryozoans ' 2. Micr1te 
Ccph.i l ''po<ls oom1cr1te 
Corals 4. oospar1te 
Echinoderms - 5. pelm1cr1te 
Ga;tropods I'- 6. pelsparite 
Ostracods 7. intramicr1te 
Sponges ' intraspar1te 
St romatop'lro1rts 9. b1om1cr1te 
' Trilobites , 10 biospante 
11 dolomite 
12. brecc1a 




Film 'lo Frame No Magn1f1cat1on 
v STRUCTURE 
1. Se d h k . unit t 1c ness -
1. v.t. laminated (l-2mm) 2. t. laminated (2-Smm) 3. laminated 
(Smm-lcm) 4. v.t. bedded (1-2 cm) 5. t. bedded (2-4cm) 
6. bedded (>4cm) -
2. B1rdseye abundance 
1. rare 4. COIIDJlOfl 8. abundant 
Type 
1. laminar 2. bulbous 3. tabular 
3. Mudcrack - dess1cat1on 
1. ter. cracks 2. V-shape 3. concave 4. intralam:nar 
4. Bioturbation 
1. rare 4. common 8. abundant 
Type 
1. vertical 2. horizontal 3. random 
s. Other structures 
1. Cross-bedding 2. graded-bedding 3. current or1e,ted grains 
6. Deformation 
1. undeformed 2. slightly deformed 3. moderately d~formed 
4. deformed s. highly deformed 
7. Stylolltes 
1. rare 4. common 8. abundant 
Note: a. Pattern no. 1. fibrous d1splacive spar· spec1f1c 
zones throughout 2. colour ~- dolomite 4. clay, bit. -and quartz 
REMARKS: 
PHASE CONTRAST FLUORESCENCE. 
VI D!AGI:NESIS 
1. Dolomite 
(a) Colour: % 
1. colourless 2. colourless, water clear, m1rror-I1ke Abundant 
3. golden yellow 4. dark brown 
5. rose pink 6. lots of inclusions (add colour code to 5) Common 
(b) Size: Abundant 
1. <zou 2 20-50u 3. 50-lSOu 4. 1S0-300u s. >300u 
Common 
(c) Shape: Abundant 
1. ~nhedral 2. Subhedral 3. Enhedral 4. Zones (add 
I - 3 to indicate shape) Common 
(d) Fabric: 
1. equ1granular 2. porphyrotopic 3. poikllotop1c 
(e) Deodolom1 tes: 
I rare 4. conunon 8. rhombic pores 9. rhombic pores, spar f1 I led 
2. Vanished evaEor1 tes 
1. leached nodules or molds. 2. collapse brecc1a (in dolomiuc 
matrix) 3. calc1tiz.ed pseudomorphs 4. sil ici f1ed pseudomorphs 
s. length slow chalcedony 6. displacive nodules and crystals 
with crenulat ions 7. collective evidence (to 6 add other evidences) 
3. ~ 
1. bedded 2 nodular 
Type 
1. amorphous 2. crystalline 3. length slow chalcedony 
VI! EVO 
I. 
l.UTION OF PERMEABLE POROSITY 
Porosity est.% 
2. Basic Poros1 ty type 
Refer sheet, l 1st dominant type; note comod. tYDes 
3. Pore shape 
I. irregular .. equant 3. tabular 4. platy 
4. Size of regular pores 
1. micropores ('I/lb mm) 2 mesopores (1/16-4mm) 3. megapores 
(4-2561l1l!l) 
VI 11 GEOCllE'llSTRY 





Res. C~~ Mg~ 5r •In Na Fe Mg/Ca Sr/Ca l'n/Ca Na/Ca Fe/Ca Fe/f 
XRF - bulk rock 
~llJ/ All)3 I c:"0 3 '1g0 CdO K20 T10 2 '1n0 Ba 
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Appendix A.l 
SAMPLE LOCATIONS AND DESCRIPTIONS 
Catalogue numbers: 48878 to 48948 are samples from section GPR 
48949 to 48997 " GPO 
48998 to 49040 " GPB 
49041 to 49139 " GPW 
49140 to 49339 " GPL 
The sample codes denote the following: 
R hand specimen 
AP - acetate peel/thin section 
CA chemical analysis (AAS) 
D X-ray disc 
p X-ray pill. 
Catalogue Field Description Sample Code Number Number 
48878 254 Intraclast bearing fossiliferous R,AP 
micrite 
48879 254a Intraclast bearing micrite R,AP 
48880 253 " R,AP 
48881 252 Biomicrite R,AP 
48882 252a Fossiliferous micrite AP 
48883 251 " R,AP 
48884 251 Biomicrite R,AP 
48885 25la " R,AP 
48886 250 . " R,AP 
48887 249 " R,AP 
48,888 248 Intraclast bearing micrite R,AP 
48889 248a Intrapelspari te R,AP 
48890 247 " R,AP 
48891 246 Micrite R,AP 
48892 246a Intraclast hearing micrite R,AP 
48893 245 " R,AP 
48894 245a Micrite R,AP 
48895 244 " R,AP 
48896 243 Biosparite R,AP 
48897 242 Biomicrite R,AP 
48898 241 Micrite R,AP 
48899 240 Pelmicrite to pelsparite R,AP 
48900 240a Biomicrite R,AP 
48901 239 " R,AP 
48902 239a Dismicrite R,AP 
48903 238 " R,AP 
48904 237 Intraclast bearing fossiliferous R,AP 
micrite 
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Catalogue Field Description Sample Code Number Number 
48905 236 Intraclast bearing fossiliferous R,AP 
micrite 
48906 235 II R,AP 
48907 234 Dismicrite R,AP 
48908 233 Fossiliferous micrite R,AP 
48909 232 II R,AP 
48910 231 II R,AP 
48911 230 II R,AP 
48912 229 Biomicrite R,AP 
48913 228 II R,AP 
48914 227 Pelmicrite R,AP 
48915 226 Fossiliferous micrite R,AP 
48916 226a II R,AP 
48917 225 II R,AP 
48918 224 Intraclast bearing fossiliferous R,AP 
micrite 
48919 223 Dolomicrite R,AP 
48920 222 Dismicrite R,AP 
48921 222a Intraclast bearing fossiliferous R,AP 
micrite 
48922 221 II R,AP 
48923 220 Pellet bearing micrite R,AP 
48924 220a Pelmicrite R,AP 
48925 219 " R,AP 
48926 218 Fossiliferous micrite R,AP 
48927 217 Biomicrite R,AP 
48928 217a Biopelmicrite R,AP 
48929 216 II R,AP 
48930 215 " R,AP 
48931 21Sa · Intrapelspari te R,AP 
48932 214 " R,AP 
48933 213 Pelmicrite R,AP 
48934 212 II R,AP 
48935 211 " R,AP 
48926 211a Pelbiomicrite R,AP 
48937 210 II R,AP 
48938 209 Fossiliferous micrite R,AP 
48939 208 Pelmicrite R,AP 
48940 207 fielmicrite R,AP 
48941 206 II R,AP 
48942 206a Pelbiomicrite R,AP 
48943 205 " R,AP 
48944 204 Pelmicrite R,AP 
48945 203 " R,AP 
48946 202 " R,AP 
48947 201 " R,AP 
48948 200 " R,AP 
48949 100 Fossiliferous micrite R,AP 
48950 101 II R,AP 
48951 lOla II R,AP 
48952 102 II R,AP 
48953 103 Biomicrite R,AP 
48954 103a Intraclast bearing fossiliferous AP 
micrite 



















































































































































Intraclast bearing fossiliferous 
rnicrite 
Fossiliferou~ mic~ite 
Intrabiornicrite to intrabiosparite 
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Intrabiomicrite to intrabiosparite 
II 
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Dismicrite 
Fossiliferous micrite 





















































Catalogue Field Description Sample Code Number Number 
49055 614 Fossiliferous Micrite R,AP,CA 
49056 615 II R,AP,CA 
49057 616 Dismicrite R,AP,CA,D,P 
49058 617 II R,AP,CA 
49059 618 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49060 619 Fossiliferous micrite R,AP,CA 
49061 620 Intraclast bearing micrite R,AP,CA 
49062 62la Biomicrite R,AP,CA,D,P 
49063 62lb II R,AP,CA,D,P 
49064 622 Fossiliferous micrite R,AP,CA 
49065 623 Biomicrite R,AP,CA,D,P 
49066 624 Intramicrite R,AP,CA,D,P 
49067 625 Biomicrite R,AP,CA 
49068 633 II R,AP,CA 
49069 627 Biomicrite R,AP,CA,D,P 
49070 628 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49071 629 Fossiliferous micrite R,AP 
49072 630 II R,AP,CA 
49073 631 II R,AP 
49074 632 Biomicrite R,AP,CA 
49075 634 Oolite, intraclast bearing fossil- R,AP,CA 
iferous micrite 
49076 635 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49077 636 II R,AP,CA 
49078 637 Intramicrite R,AP,CA 
49079 638 Fossiliferous micrite R,AP 
49080 639 II R,AP,CA,D,P 
49081 640 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49082 641 Fossiliferous micrite R,AP,CA,D,P 
49083 642 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49084 643 Intraclast bearing micrite R,AP 
49085 644 II R,AP,CA 
49086 645 II R,AP 
49087 646 II R,AP,CA 
49088 647 Intramicrite R,AP,CA 
49089 648 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49090 649 Intramicrite R,AP,CA 
49091 650 Biomicrite R,AP,CA,D,P 
49092 651 Intramicrite R,AP,CA 
49093 652 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49094 653 Intraclast bearing micrite R,AP,CA 
49095 654 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49096 655 Intraclast bearing micrite R,AP,CA 
49097 656 Intraclast bearing fossiliferous R,AP 
micrite 
49098 657 Dolostone R,AP,CA 
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Catalogue Field Description Sample Code Number Number 
49099 658 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49100 659 Dolostone R,AP,CA 
49101 660 Biomicrite R,AP,CA 
49102 661 Fossiliferous micrite R,AP 
49103 662 II R,AP 
49104 663 II R,AP 
49105 664 Dolostone R,AP,CA 
49106 665 Fosslilferous micrite R,AP 
49107 666 Dolostone R,AP,CA 
49108 667 Fossiliferous micrite R,AP 
49109 668 II R,AP 
49110 669 II R,AP,CA,D,P 
49111 670 ,Biomicrite R,AP,CA 
49112 671 II R,AP,CA 
49113 672 II R,AP 
49114 673 II R,AP 
49115 674 Pelbiomicrite R,AP,CA 
49116 675 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49117 676 Pelmicrite to pelsparite R,AP,CA 
49118 677 Biomicrite R,AP,CA 
49119 678 Intraclast bearing micrite R,AP,CA 
49120 679 Fossiliferous micrite R,AP,CA 
49121 680 Onlostone R,AP,CA 
49122 681 Biomicrite R,AP,CA 
49123 682 Dolostone R,AP,CA,D,P 
49124 683 Fossiliferous micrite R,AP,CA 
49125 684 Biosparite R,AP,CA 
49126 685 II R,AP,CA 
49127 686 II R,AP,CA 
49128 687 Intraclast bearing fossiliferou~ R,AP,CA 
mirrite 
49129 688 Biomicrite R,AP,CA 
49130 689 Biomicrite R,AP 
49131 690 ~~tr~clast-bearing fossiliferous R,AP 
49132 691 1cr1te R,AP 
49133 692 Fossiliferous micrite R,AP 
49134 693 Biomicrite R,AP 
49135 694 Fossiliferous micrite R,AP 
49136 695 II R,AP 
49137 696 II R,AP 
69138 697 ~tr~clast-bearing fossiliferous R,AP 
49139 698 cr1te R,AP 
49140 300 Intraclast bearing fossiliferous R,AP,CA,D,P 
micrite 
49141 302 Biomicrite R,AP 
49142 303 Dismicrite R,AP,CA 
49143 304 Pelbiomicrite R,AP,CA 
49144 315 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49145 306 II R,AP,CA,D,P 








































































































Intraclast bearing micrite 
















Intraclast bearing fossiliferous 
micrite 
Biomicrite 
Intraclast bearing fossiliferous 
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Fossiliferous micrite 
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Intraclast bearing fossiliferous 
micrite 
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Intraclast bearing fossiliferous 
micrite 
Intrapelrnicrite 
Intraclast bearing fossiliferous 
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Fossiliferous micrite 
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Catalogue Field Description Sample Code Number Number 
49334 506 Intraclast bearing fossiliferous R,AP,CA 
micrite 
49335 507 . ., R,AP,CA,D,P 
49336 508 ,, R,AP 
49337 509 Biomicrite R,AP 
49,338 510 Fossiliferous micrite R,AP 
49339 318 Biomicrite R,AP,CA 
APPENDIX Bl 
Dissolution of Samples for Analyses 
1. Dry powdered sample (ground into fine powder in gyratory swing 
mill using Colmonoy vessel for 15-20 seconds) in oven overnight. 
2. Weigh about 10 g and dissolve in 500 ml of lN HCl for one day with 
occasional stirring. 
3. Filter through a weighed (dry) Whatman 542 filter paper, washing 
the residue with distilled water. 
4. Dilute the filtrate to on~ litre. Fill plastic bottle containing 
0.6 g of KC! (for lOOx dilution) for trace element analysis. 
5. Pipette 20 ml of the lOOx dilution solution into a 100 ml flask. 
208 
6. Using distilled water, make up this solution to 100 ml. This is the 
SOOx dilution standardised solution. Pour it into bottle containing 
0.4 g of KC! fer Ca and Mg analyses. 
209 
,AP,PENDIX 82 
Preparation of Standard Solutions 
2000 ppm potassium (as KCl) were added to all samples and standards 
to suppress ionisation. The standards were also matched with similar 
acid concentration as the samples. 
Set 1 Ca and Mg 
a) 800 ppm Ca, 100 ppm Mg, 2000 ppm K ~ 500 ml 
1.0 g Merck CaC03 
0.08289 g Merck MgO 
1.91 g KCl (Analytical Reagent) 
25 ml cone. HCl 
b) 200 ppm Ca, 250 ppm Mg, 2000 ppm K ~ 500 ml 
0.25 g Merck CaC03 
0.2072 g Merck MgO 
1.91 g A.R. KCl 
25 ml cone. HCl 
c) SOO ppm Ca, 50 ppm Mg, 2000 ppm K ~ 500 ml 
0.625 g Merck CaC03 
0.04144 g Mer~k MgO 
1.91 g A.R. KCl 
25 ml cone. HCl 
Set 2 Na, Mn, Sr and Fe 
a) 100 ppm Na, 100 ppm Mn, 100 ppm Sr, 200 ppm Fe ~ 1 litre 
0.254 g NaCl 
0.20927 g MnC03 
0.16847 g SrC03 
0.2859 g Fe203 
3.82 g A.R. KCl 
50 ml cone. HCl 
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Appendix B2 cont. 
b) 10 ppm Na, 10 ppm ~hl, 10 ppm Sr, 20 ppm Fe, 2000 ppm K, Ca ~ 1 litre 
100 ml of solution (a) from set 2 
3.82 g A.R. KCl 
S.O g Merck CaC03 
SO ml cone. HCl 
c) S ppm Na, S ppm Mn, S ppm Sr, 10 ppm Fe, 2000 ppm K, Ca ~ 1 litre 
SO ml of solution (a) fron set 2 
3.82 g A.R. KCl 
S.O g Merck CaC03 
SO ml cone. HCl 
Set 3 Blank solutions (use same distilled water as for set 2) 
a) Blank with 2000 ppm K ~ SOO ml 
1.91 g A.R. KCl 
2,S ml cone, HCl 
b) Blank with 2000 ppm Ca ana K ~ 1 litre 
S g Merck CaC03 
1.91 g A.R. KCl 
SO ml cone. HCl 
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Appendix C.l 
ATOMIC ABSORPTION SPECTROSCOPY 
A Techtron AA-6 atomic absorption spectrophotomete~ w~s used to 
analyse the undermentioned elements using the following instrument 
settings. 
Element Wave Length Lamp Current Slit Width Gas Mixture 
·nm mA nm 
calcium 239.9 5 0.2 air/acetylene 
magnesium 202.5 5 1.0 air/acetylene 
strontium 460.7 10 0.2 nitrous oxide/acetylene 
sodium 589 .o 10 0.2 air/acetylene 
manganese 279.5 8 0.3 air/a~etylene 
iron 248.3 8 0.3 nitrous oxide/acetylene 
Detection limits are Mn - 3ppm, Fe - 6 ppm, Sr - 4 ppm, and Na - 3 ppm. 
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APPENDIX C .2 CllEHICAL DAT,\ - A.A.S. 
Sa~le l.R. S Hg S Ca S Sr Mn Na Fe S Hg/Ca SrKlO'/Ca Hn•lO'/Ca Na•lO'/Ca Fe•l02/Ca Dolomite Dedolomite No. pprn ppm ppm ,. s 
49041 6.89 0.75 38.25 496 93 131 0.110 0.0323 0.5931 0.1774 0.5969 0.2064 <.10 
49042 9.25 2.36 35.65 335 104 64 0.1~9 0.1091 0.4298 0.21~8 0.3129 0.3201 17 5 
49043 12.19 2.42 33.75 372 117 0 0.175 0.1182 0.5042 0.2529 o. 0.3721 22 15 
49044 11.88 1.53 35.65 479 113 114 0.180 0.0708 0.6146 0.2312 0.5574 0.3624 14 15 
49045 5.94 0.74 38.35 502 92 84 0.098 0.0318 0.5987 0.1751 0.3817 0.1834 
49047 12.64 3.00 31.25 348 98 0 0.106 0.1583 0.5094 0.2289 o. 0.2434 31 20 
49049 16.21 4.24 30.15 318 105 205 0.260 0.2318 0.4824 0.2541 1.1851 0.61&9 40 14 
49051 8.00 0.74 38.40 384 100 0 0.085 0.0318 0.4574 0.1900 0.4539 0.1589 < 10 
49052 6.52 0.68 39.00 566 98 3 0.080 0.0287 0.6638 0.1833 0.0134 0.1472 < 10 
49053 12.83 3.00 33.75 405 112 54 0.232 0.1465 0.5489 0.2421 0.2789 0.4934 42 45 
49054 16.33 1.49 33.00 467 111 7 0.178 0.0744 0.6473 0.2454 0.0370 0.3871 <.10 
49055 7 .55 2.57 30.50 459 116 107 0.235 0.1389 0.6884 0.2775 0.6115 0.5530 37 40 
49056 21.44 2.59 26.65 339 117 0 0.301 0.1602 0.5818 0.3203 o. 0.8106 46 46 
49057 15.06 0.83 33.00 570 102 27 0.123 0.0415 0.7901 0.2255 0.1426 0.2675 
49058 13.44 1.34 34.00 512 107 40 0.114 0.0650 0.6888 0.2296 0.2051 0.2406 12 10 
49059 9.67 1.67 35.40 446 101 27 0.134 0.0778 0.5763 0.2081 0.1329 0.2717 15 15 
49060 8.80 3.06 33.50 409 109 40 0.205 0.1506 0.5584 0.2374 0.2081 0.4392 30 21 
49061 16.96 2.36 31.00 483 104 17 0.186 0.1255 0.7127 0.2447 0.0956 0.4306 31 35 
49062 8.76 0.82 36.75 397 95 81 0.087 0.0368 0.4941 0.1886 0.3842 0.1699 < 10 
49063 11.71 2.55 33.40 426 113 o 0.189 0.1259 0.5834 0.2468 o. 0.4061 
49064 13.83 2.13 32.00 401 87 104 0.175 0.1097 0.5732 0.1983 0.5665 0.3925 18 5 
49065 8.18 0.90 38.00 517 84 101 0.065 0.0390 0.6223 0.1613 0.4633 0.1228 " 10 49066 10.43 1.73 35.65 471 94 64 0.098 0.0800 0.6043 0.1924 0.3129 0.1973 15 12 
49067 9.39 1.33 35.75 459 94 0 0.092 0.0613 0.5873 0.1918 o. 0.1847 
49069 13.41 1.49 34.00 413 93 0 0.099 0.0722 0.5556 0.1995 0. 0.2090 
49070 13.74 2.53 31.50 372 98 121 0.144 0.1324 0.5402 0.2270 0.6695 0.3281 28 22 
49072 12.54 3.27 31.25 483 109 151 0.173 0.1725 o. 7070 0.2545 0.8422 0.3972 44 39 
49074 8.42 1.13 37.00 ~25 92 7 0.105 0.0503 0.6490 0.1814 0.0330 0.2037 c.10 
49068 31.59 1.56 24.50 264 154 84 0.187 0.1013 0.4754 0.4423 0.5764 0.5284 c.10 
49075 9.36 1.30 36.50 417 93 121 0.100 0.0587 0.5226 0.1859 0.5778 0.1966 <10 
49076 8.81 2.25 35.00 438 101 0 0.139 0.1060 0.5724 0.2105 0.0000 0.2850 22 21 
49077 8.33 2.52 36.50 397 91 0 0.122 0.1138 0.4975 0.1819 0.0000 0.2399 18 5 
49078 13.73 4.08 31.15 281 119 37 0.159 0.2159 0.4126 0.2787 0.2070 0.3663 58 44 
49080 15.80 3.91 30.25 393 109 44 0.201 0.2131 0.5942 0.2629 0.2!:35 0.4769 38 19 
49081 14.41 3.27 32.00 405 110 0 0.216 0.1685 0.5789 0.2508 0.0000 0.4844 36 27 
49082 13.42 2.57 32.75 393 104 0 0.181 0.1294 0.5489 0.2317 0.0000 0.3967 23 10 
49083 14.70 1.40 31.75 326 80 34 0.116 0.0727 0.4697 0.1838 0.1867 0.2622 14 13 
49085 16.46 1.92 31.25 459 104 17 0.158 O.lOlJ U.6718 0.2428 0.0948 0.3858 21 14 
49087 12.40 2.81 32.15 347 115 20 0.182 0.1441 0.4937 0.2609 0.1084 0.4063 27 15 
49088 13.73 1.82 33.50 512 94 0 0.147 0.0896 0.6991 0.2047 0.0000 0.3149 16 8 
49089 16.88 2.88 29.65 372 105 154 0.170 0.1601 0.5739 0.2583 0.9053 0.4115 29 13 
49090 11.92 3.57 33.00 343 107 101 0.187 0.1783 0.4754 0.2365 0.5335 0.4067 37 25 
49091 8.65 2.61 33.90 372 113 0 0.171 0.1269 0.5019 0.2431 0.0000 0.36?.0 28 27 
49092 10.88 1.98 33.90 426 111 0 0.144 0.0963 0.5748 0.2389 0.0000 0.30<+9 19 16 
49093 11.49 2.72 30.50 355 127 23 0.174 0.1470 0.5324 0.3038 0.1314 0.4094 48 51 
49094 ·9.78 1.43 36.50 570 95 0 0.100 0.0646 0.7143 0.1899 0.0000 0.1966 10 5 
49095 8.87 3.53 33.25 388 134 13 0.148 0.1750 0.5338 0.2940 0.0681 0.3195 43 36 
49096 28.23 2.56 26.75 277 122 77 0.162 0.1578 0.4736 0.3327 0.5017 0.4346 48 48 
49098 18.79 4.04 28.50 359 136 0 0.202 0.2337 0.5761 0.3481 0.0000 0.5087 59 41 
49099 19.36 2.65 30.75 343 121 117 (' !66 0.1421 0.5102 0.2871 0.6632 0.3874 39 42 
49100 18.23 2.94 30.90 302 138 17 0.170 0.1569 0.4470 0.3258 0.0959 0.3949 62 60 
49101 18.08 1.80 31.65 314 127 57 0.171 0.0938 0.4538 0.2927 0.3139 0.3878 35 55 
49105 29.68 2.39 25.40 277 160 0 0.195 0.1551 0.4933 0.4595 o. 0.5510 78 69 
49107 28.02 2.52 27.15 318 306 0 0.249 0.1530 0.5357 0.8222 o. 0.6582 72 67 
49110 14.36 l.f.8 35.75 331 215 0 0.215 0.0729 0.4235 0.4387 o. 0.4316 26 52 
491ll 14.02 3.06 28.75 298 0 0.1850 0.4741 0.2523 o. 0.2646 32 10 
49112 12.72 0.74 36.65 331 95 0 0.106 0.033 0.4131 0.1891 o. 0.2076 <. 10 
49115 8.30 1.72 35.25 326 119 0 0.129 0.0804 0.4230 0.2463 0. 0.2626 20 31 
49116 10.51 1.45 35.00 359 122 40 0.119 0.0683 0.4692 0.2543 0.1992 0.2440 16 28 
49117 7 .99 2.34 37 .15 293 114 0 0.205 0.1038 0.3608 0.2239 o. 0.3960 18 7 
49118 ~.26 0.75 38.10 352 95 0 0.124 0.0325 0.4226 0.1820 o. 0.1225 
49119 1 •• 65 1.25 37.65 306 SI> 0 0.125 0.0547 0.3718 0.1898 o. 0.2383 10 10 
49120 14.26 1.22 34.25 314 102 77 0.163 0.0587 0.4193 0.2173 0.3919 0.3416 
49121 16.43 7.57 25.90 ~4f:l 125 205 0.321 0.4818 0.4380 0.3521 1.3796 0.8895 86 28 
49122 9.27 a.so 38.SO 339 92 117 0.093 0.0214 0.4028 0.1743 0.5297 0.1734 "10 -49123 8.74 4.36 '33.90 343 1.os 37 0.171 0.2120 0.4628 0.2260 0.1902 0.3620 54 40 
49124 5.05 1.53 39.00 421 97 84 0.124 0.0647 0.4938 0.1814 0.3754 0.2282 <. 10 
49125 4.115 0.05 40.75 355 98 0 0.146 0.0344 0.3985 0.1754 o. 0.2571 < 10 
49126 3.53 0.75 41.25 322 74 0 0.102 0.0300 0.0571 0.1309 o. 0.1775 < 10 
49127 5.20 1.10 40.00 293 86 0 0.136 0.04~3 0.3351 0.1568 o. 0.2440 oC 10 
49128 6.31 1.45 39.00 438 92 20 0.124 0.0613 0.5137 0 .1721 0.0894 0.2282 < 10 
4!U29 20.27 2.03 30.90 285 103 114 0.226 0.1083 0.4219 0.2432 0.6430 0.5249 26 32 
213 
APPENDIX C.2 cont. 
Sample l.R.S Hg 1: Ca S Sr Mn Na Fe % Mg/Ca Sr•103/Ca Hn•l03/Ca Na•l0 3/Ca Fe•lO~/Ca Dolomite Dedolomite No. PIXD PIXD ppm % s 
49140 11.13 0.41 34.35 636 82 47 0.118 0.0197 0,8469 0.1742 0.2385 0,2465 ""10 
49142 8.82 l. 75 32 .18 767 163 60 0.140 0.0897 l.0902 0.3698 0,3250 0.3122 ""10 
49143 5.73 0.76 37.39 963 81 161 0.101 0.0335 1.1781 0.1581 0.7505 0.1939 <10 
49144 6.63 2.17 34.36 748 87 164 0.234 0.1041 0 .9957 0.1848 0.8319 0.4888 c.10 
49145 8.66 2.90 31.62 589 75 47 0.179 0.1512 0.8520 0.1731 0.2591 0.4063 30 21 
49146 6.20 3.80 31.62 565 83 56 0.252 0.1981 0.8173 0.1916 0.3087 0.5720 34 10 
49147 6.40 2.40 31.73 488 89 117 0.212 0.1247 0.7035 0.2048 0.6427 0.4795 30 34 
49148 10.93 1.77 33.99 657 85 97 0.171 0.0859 0.8841 0 .1826 0.4974 0.3611 15 6 
49149 7 .57 1.90 33.40 636 80 103 0.141 0.0938 0.8710 0.1749 0.5375 0.3030 18 5 
49150 9.05 1.04 35.49 694 74 30 0.119 0.0483 0.8944 0.1522 0.1473 0.2406 < 10 
49151 4.70 1.08 35.81 660 53 43 0.070 0.0497 0.8430 0.1080 0 .2093 0.1403 .. 10 
49153 7.04 1.11 36.71 682 75 27 0.122 0.0499 0.8498 0.1491 0.1282 0.2385 ... 10 
49154 7.99 1.03 37.62 688 83 43 0.087 0.0451 0.8365 0.1611 0.1992 0.1660 <C.10 
49155 5.53 1.05 37.17 727 68 23 0.121 0.0466 0.8946 0 .1336 0.1079 0.2336 <C.10 
49156 11.19 1.46 33.22 640 81 161 0.174 0.0725 0.8812 0.1800 0.8447 0.3759 c 10 
49339 7.20 2.12 33.68 545 78. 40 0.184 0 .1038 0.7402 0.1691 0.2070 0.3921 .c.10 
49157 7.75 O.BO 33.09 625 77 117 0.113 0.0399 0.8639 0.1699 0.6163 0.2451 <C.10 
49158 6.99 2.15 33.18 510 75 13 0.166 0.1068 0.7031 0.1650 0.0683 0.3591 17 5 
49159 6.81 O.Bl 36.49 760 71 57 0.085 0.0366 0 .9527 0.1420 0.2723 0.1672 "10 
49160 9.64 1.90 30.37 531 87 110 0.219 0.1031 0.7997 0.2091 0.6313 0.5175 .. 10 
49164 6.42 2.40 33.86 569 89 158 0.201 0.1169 0.7686 0.1919 0.8133 0.4260 20 7 
49165 12.04 2.55 29.46 452 97 115 0.232 0.1427 0.7018 0.2404 0.6804 0.5652 < 10 
49166 15.12 1.60 29.69 446 102 102 0.199 0.0888 0.6871 0.2508 0.5988 0.4810 28 46 
49168 10.44 1.80 35.67 561 90 90 0.155 0.0832 0.7194 0.1842 0.4398 0.3119 c.10 
49169 10.22 1.90 32.50 554 95 17 0.167 0.0963 0.7797 0.2134 0.0911 0.3687 24 32 
49170 6.90 1.80 35.04 570 90 10 0.210 0.0847 0.7441 0.1875 0.0497 0.4301 15 16 
49171 7.16 2.00 33.31 525 79 138 0.199 0.0990 0.7209 0.1731 0.7221 0.4288 16 5 
49173 6.93 0.45 492 BO 70 0.148 
49174 6.48 1.97 34.67 533 81 138 0.202 0.0937 0.7032 0.1706 0.6938 0.4181 (, 10 
49176 4.92 0.80 34.10 542 77 109 0.126 0.0387 0.7270 0.1648 0.5572 0.2652 < 10 
49178 7.44 3.24 33.68 500 85 10 0.222 0.1586 0.6790 0.1842 0.0518 0.4731 27 8 
49179 7.25 4.06 32.32 492 95 156 0.300 0.2071 0.6963 0.2146 0.8413 0.6662 38 18 
49180 7.29 2.45 34.81 508 79 13 0.235 0.1160 0.6675 0.1657 0.0651 0.4845 
49181 15.64 3.95 29.46 529 104 107 0.292 0.2210 0.8213 0.2577 0.6331 0 .7113 54 38 
49183 11.52 2.70 34.00 561 95 13 0.188 0.1309 0.7547 0.2040 0.0666 0.3968 25 17 
49184 10.57 1.01 35.58 599 87 40 0.124 0.0468 0.7701 0.1785 0.1960 0.2501 "10 
49185 11.12 2.10 31.62 577 95 77 0.137 0.1095 0.8347 0.2193 0.4245 n. lllO 23 22 
49186 9.70 2.25 33.136 609 83 30 0.160 U.1U96 0.8227 0.1789 0.1544 0.3391 19 8 
49187 9.80 2.25 34.45 566 95 148 0.197 0.1077 0.7515 0.2013 0.7488 0 .4104 2i 19 
49.188 9.13 1.20 32.86 636 100 26 0.127 0.0602 0.8853 0.2222 0.1379 0.2774 11 15 
49189 10.90 2.00 31.82 593 105 94 0.207 0.1036 0.8524 0.2409 0.5149 0.4669 21 20 
49190 11.03 2.02 34.67 587 102 34 0.220 0.0961 0.7744 0.2148 0.1709 0.4554 24 32 
49191 16.50 1.23 30.37 609 120 51 0.228 0.0668 0.9172 0.2884 0.2927 0.5388 33 65 
49192 23.63 2.20 26.74 478 128 9 0.278 0.1356 0.8176 0.3494 0.0587 0.746! 42 50 
49193 7.43 0.85 33.86 731 110 158 0.134 0.0414 0.9875 0.2372 0.8113 0.2840 < 10 
49194 8.73 0.80 35.81 698 114 107 0.131 0.0368 0.8916 0.2324 0.5208 0.2625 <10 
49196 12.86 0.60 32.86 759 133 81 0.176 0.0301 1.0565 0.2955 0.4297 0.3844 < 10 
49198 18.31 0.77 32.41 587 121 154 0.215 0.0392 0.8284 0.2725 0.8282 0.4761 12 44 
49200 11.02 0.40 32.18 678 112 146 0.166 0.0205 0.9637 0.2541 0.7908 0.3702 < 10 
49201 8.37 0.64 37.17 901 94 81 0.131 0.0284 1.1087 0.1846 0.3798 0.2529 <10 
49202 6.90 0.65 37.76 814 96 37 0.106 0.0284 0.9860 0.1856 0.1708 0.2015 <10 
49204 7.03 0.53 36.49 917 65 34 0.106 0.0240 1.1495 0.1300 0.1624 0.2085 .. 10 
49206 9.73 0.60 35.58 773 100 20 0.149 0.0278 0.9937 0.2052 0.0980 0.3005 < 10 
49207 6.55 0.70 37.39 949 90 68 0.129 0 .0309 1.1609 0.1757 0.3170 0.2476 .. 10 
49208 5.94 0.71 36.49 880 72 156 0.088 0.0321 1.1031 0.1440 0.7452 0 .1731 <10 
49211 8.85 1.84 34.36 756 97 156 0.176 0.0883 1.0064 0.2061 0.7914 0.3676 "10 
49212 8.54 2.47 33.54 690 95 10 0.197 0.1214 0.9410 0.2068 0.0520 0.4215 <10 
4n1J 5.91 2.08 35.49 678 82 54 0.171 0.0966 0.8738 0.1687 0.2652 0.3458 16 5 
49214 8.97 3.45 30.59 534 175 47 0.271 0.1859 0.7985 0.4176 0.2678 0.6358 39 36 
49217 9.61 2.71 33.54 661 95 40 0.222 0.1332 0.9014 0.2068 0.2079 0.4750 24 11 
49219 I' 55 0.63 36.40 674 87 10 0.100 0.0285 0.8469 0.1745 0 04H 0.1972 <10 
49220 ~.08 1.19 36.94 620 64 34 0.085 0.0531 0.7677 0.1265 0.1604 0.1651 "10 
49221 7.06 2.45 32.50 490 79 90 0.216 0.1243 0.6896 0 .1775 0.4827 0.4770 20 5 
49225 7.03 0.54 37.17 674 72 60 0.093 0.0240 0.8294 0.1414 0.2814 0.1796 < 10 
49227 8.71 1.35 33.09 447 85 47 0.155 0.0673 0.6179 0.1875 0.2476 0.3362 14 20 
49228 3.95 0.85 38.66 554 74 37 0.103 0.0363 0.6555 0.1397 0.1668 0.1912 < 10 
49231 5.40 0.62 38.53 723 72 117 0.093 0.0265 0.8583 ' 1364 0.5293 0 .1732 < 10 
49232 8.42 0.60 36.85 674 77 64 0.109 0.0268 0.8366 0 .1525 0.3027 0.2183 c. IQ 
49234 8.69 0.73 32.18 545 87 187 0.126 0.0374 0.7747 0.1974 1.0129 0.2810 <10 
49237 15.52 1.85 31.73 550 88 27 0.234 0.0961 0.7929 0.2025 0 .1483 0.5293 24 32 
49238 9.62 1.90 33.09 589 163 81 0.186 0.0947 0.8142 0.3596 0.4267 0.4034 20 22 49239 14.20 2.00 32.50 510 100 34 0.186 0.1015 0.7178 0.2246 0.1823 0.4107 
214 
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Saq1le l.R.S Hg s Ca S Sr Mn Na Fe S Hg/Ca Sr 10 /Ca Mn 10 /Ca Na 10 /Ca Fe 10 /Ca Dolomite Dedolomite No. ppm ppnl ppm s \ 
49240 10.78 0.95 33.18 589 95 21 0.114 0.0472 0.81~0 0.2090 0.1103 0.2466 •'-10 
49241 11.13 0.6S 36.03 674 88 17 0.125 0.0311 0.8~56 0.1783 0.0822 0.2490 < 10 
49242 9.26 0.83 36.40 620 86 34 0.112 0.0376 0. 7~91 0.1725 0.1628 0.2208 <. 10 
49245 10.82 0.49 35.49 8!19 76 40 0.116 0.0228 l.Wl 0.1563 0.1965 0.2346 <.10 
49246 8.67 0.45 36.71 822 63 34 0.072 0.0202 1.0~42 0.1253 0.1614 0.1408 <.10 
49250 7.50 0.55 34.00 813 66 329 0.079 0.0267 l.0~37 0.1417 1.6866 0.1668 < 10 
49251 3.98 0.50 32.86 828 56 123 0.086 0.0251 1.1525 0.1244 0.6524 0.1878 <10 
49252 4.46 0.61 37.62 893 55 37 0.082 0.0267 l.0558 0.1067 0.1714 0.1564 "10 
49253 3.37 0.65 37.84 896 51 129 0.073 0.0283 1.0531 0.0984 0.5942 0.1385 < 10 
49254 4.23 0.64 40.02 930 54 141 0.070 0.0264 l.Oe29 0.0985 0.6141 0.1255 <.10 
49257 7.74 1.64 29.57 523 71 145 0.152 0.0892 O.S.:90 0.1753 0.8547 0.3689 <10 
49258 6.52 1.50 37.15 727 85 106 0.097 0.0666 0.6951 0.1670 0.4973 0.1874 11 5 
49259 5.72 1.55 35.67 668 60 115 0.096 0.0716 O.SS22 0.1228 0.5619 0.1932 12 5 
49260 4.05 0.90 37 .62 945 55 30 0.049 0.0394 1,g90 0.1067 0.1390 0.0935 c.10 
4~261 5.03 0.67 37.39 1008 59 23 0.071 0.0295 1.2~31 0.1152 0.1070 0.1363 < 10 
49262 3.86 0.93 38.98 719 73 115 0.053 0.0393 0 .S.:37 0.1367 0.5142 0.0976 "'10 
49264 5.53 0.65 36.49 589 63 102 0.067 0.0294 0.7~33 0.1260 0.4872 0.1318 clO 
49266 6.27 2.10 34.22 711 73 209 0.118 0.1012 0.9504 0.1557 1.0645 0.2475 <.10 
49267 5.59 0.83 37.98 756 68 121 0.076 0.0360 0.9105 0.1307 0.5553 0.1436 < 10 
49268 5.98 0.95 36.12 715 63 124 0.078 0.0434 0.9C54 0.1273 0.5984 0.1550 c 10 
49269 7 .95 1.63 35.04 657 79 57 0.135 0.0767 0 .8576 0.1646 0.2835 0.2765 clO 
49270 8.82 1.01 36.26 694 78 67 0.107 0.0459 0.8i54 0.1570 0.3221 0.2118 <10 
49272 8.38 1.40 35.81 688 90 205 0.103 0.0645 o.s;as 0.1835 0.9978 0.2064 <.10 
49273 9.06 0.93 31.05 644 75 107 0.109 0.0494 0.9.:S7 0.1763 0.6006 0.2519 <10 
49274 6.15 1.28 36.40 719 80 43 0.097 0.0580 0.9C35 0.1604 0.2059 0.1913 clO 
49275 8.08 1.35 33.54 621 83 43 0.114 0.0664 O.S.:69 0.1806 0.2235 0,2439 clO 
49276 8.62 1.40 35.58 678 76 134 0.147 0.0649 0.8716 0.1559 0.6564 0.2965 <.10 
49278 9.18 1.17 36.85 517 81 17 0.133 0.0523 0.6417 0.1605 0.0804 0.2590 <.10 
49279 9.25 1.42 35.35 570 79 67 0.158 0.0662 0.7375 0.1631 0.3304 0.3208 .. 10 
49280 6.13 0.69 38.07 735 70 188 0.076 0.0299 0.8531 0.1342 0.8607 0.1433 <10 
49281 6.05 0.69 38.98 826 70 70 0.074 0.0292 0.9693 0.1311 0.3130 0.1362 clO 
49283 6.91 0.75 36,40 569 100 30 0.065 0.0340 0.7150 0.2006 0.1437 0.1282 <10 
49286 6.22 2.26 35.SB 521 77 57 0.164 0.1047 0.6698 0.1580 0.2792 0.3308 12 5 
49287 5.50 1.08 38.53 719 62 134 0.091 0,0462 0.8535 0.1175 0.6062 0.1695 <10 
49289 5.52 0.78 35.67 569 95 102 0.069 0.0361 0.7Z96 0.1944 0.4984 0.1388 clO 
49290 4.94 1.80 36.12 557 83 21 0.116 0.0822 0.7054 0.1678 0.1013 0.2305 13 .5 
49291 6.25 1.10 35.22 636 75 68 0.093 0.0515 0.8Z60 0.1555 n.;i;ii;i; 0.1895 ~ 10 
49292 7 .lU U./!i 36.12 834 73 111 0.068 0.0342 l.0!:61 0.1475 0.5356 0.1351 <10 
49293 7.30 1.20 38.07 668 85 179 0.097 0.0520 0.8C26 0.1630 0.8195 0.1829 <10 
49294 6.71 0.86 36.94 649 67 117 0.101 0.0384 O.BC36 0.1324 0.5521 0.1962 <.10 
49295 6.54 1.45 34.54 530 BO 51 0.147 0.0692 O. 7Cl9 0.1691 0.2574 0.3054 <.10 
49296 5.96 1.10 35.81 644 90 47 0.074 0.0506 0.8226 0.1835 0.2288 0.1483 10 
49297 14.90 0.65 36.71 802 70 34 0.070 0.0292 0.9993 0.1392 0.1614 0.1369 < 10 
49298 6.75 0.70 36.26 656 85 145 0.083 0.0318 0.8275 0.1711 0.6970 0.1643 <10 
49299 7.15 0.70 '35.35 640 75 244 0.098 0.0327 0.8281 0.1549 1.2031 0.1990 <10 
49300 8.92 0.73 36.39 743 90 205 0.092 0.0331 0.9339 0.1805 0.9819 0.1814 <.10 
49301 10.29 0.70 33.40 775 90 30 0.093 0.0346 1.0613 0.1967 0.1566 0.1998 clO 
49302 5.62 0.73 43.06 901 85 205 0.068 0.0279 0.9571 0.1441 0.8298 J.1133 <10 
49303 5.87 0.73 36.71 806 80 77 0.081 0.0328 1.0042 0.1590 0.3656 0.1584 <.10 
49306 5.03 1.08 37 .62 917 93 56 G.086 0.0473 1.1149 0.1805 0.2595 0.1641 clO 
49307 5.23 0.81 36.26 1012 65 85 0.083 0,0368 1.2756 0.1309 0.4086 0.1643 .clO 
49309 4.97 1.03 37.17 925 75 90 0.082 0.0457 l.13C:3 0.1473 0.4220 0.1583 <10 
49310 5.75 1.13 37.39 846 73 43 0.075 0,0498 1.0349 0.1425 0.2005 0.1440 .. 10 
49312 3.56 0.85 35.67 909 70 107 0.079 0.0393 1.1656 0.1433 0.5229 0.1590 <10 
49313 5.01 1.20 36.40 959 68 117 0.118 0.0544 1.2051 0.1364 0.5603 0.2327 c.10 
49316 11.35 1.33 33.54 585 95 103 0.141 0.0654 0.7978 0.2068 0.5353 0.3017 .::10 
49317 9.83 2.05 32.32 545 100 0 0.152 0.1046 0.7713 0.2259 0 0.3375 23 27 
49218 7.33 1.50 37.62 684 93 167 0.117 0.0657 0.8316 0.1805 0.7737 0.2232 12 8 
49320 5.53 2.35 34.54 632 93 81 0.197 0.1122 0.8~~9 0.1966 0.4088 0.4093 21 12 
49321 5.05 1.20 36.26 814 80 43 0.065 0.0546 1.0268 0.1611 0.2067 0.1287 
49322 ~ .... JO 1.18 30.59 455 93 0 0.134 0.0636 0.6603 0.2219 0 0.3144 14 24 
49323 7.04 2.15 32.86 470 103 0 0.166 0.1079 0.6542 0.2288 0 0.3626 22 21 49325 10.38 2.70 31.27 565 100 17 0.218 0.1424 0.8255 0.2335 0.0948 0.5003 30 26 49326 7.53 1.18 35.67 553 85 397 0.114 0.0545 o.7Cm 0.1740 1.9399 0.2294 
49328 4.12 0.98 36.71 616 67 0 0.099 0.0440 0.7675 0.1332 0 0.1935 
49329 5.70 2.05 35,35 553 95 158 0.159 0.0956 0.7155 0.1962 0.7791 0.3228 17 8 
49330 11.57 1.06 33.00 566 94 34 0.140 0.0530 0.7845 0.2079 0.1796 0.3045 < 10 
49331 9.13 1.10 33.54 545 80 81 0.103 0.0541 0.7432 0.1741 0.4209 0.2204 < 10 
49333 12.60 2.13 31.41 510 83 98 0.1115 O.lll8 0.7427 0.1929 0.5438 0.4227 
49334 6.60 1.80 35.67 573 83 150 0.141 0,0832 0.7348 0.1699 0.7330 0.2837 
49335 6.11 l.~3 33.86 613 83 107 0.118 0.0745 0.82<:1 0.1789 0.5508 0.2501 
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Appendix D 
X-RAY FLUORESCENCE ANALYSES (XRF) 
XRF analyses were done under the guidance of Mr. P. Robinson on a 
Philips PW1410 X-ray spectrometer. Glass fusion discs used for the major 
element analyses were prepared from a mixture of lithium-lanthanum-borate 
flux and rock powder as described in Norrish and Chappell (1977). Trace 
elements were analysed in pressed pills prepared by backing finely 
powdered samples with boric acid. 
Matrix correction coefficients for the major elements were taken from 
Norrish and Hutton (1969) and mass absorption coefficients for trace 
elements were calculated on the basis of the major element compositions 
following Norrish and Chappell (1977). Corrections were also made for the 
interfering elements. 
Table D.l gives instrument settings, precision, and detection limits 
used for the analyses. 
Table D.l 
INSTRUMENT SETTI~GS FOR XRF ANALYSIS 
-
Detection 
Oxide/ Tube KV mA Crystal Vaccurn Coll. Counting Counting 
limit 
Element time,sec. precision (3 standard 
deviations) 
Fe203 Cr 50 30 LiF200 yes coarse 30 13.00±0.04% 0.01% 
Ti02 Cr 50 30 LiF200 yes fine 20 2.50±0.01% 0.002% 
Cao Cr 50 30 LiF200 yes fine 20 6.50±0.02% 0.01% 
K20 Cr 50 30 PE yes fine 20 1. 8±0 .01% 0.003% 
Si02 Cr 50 30 PE yes coarse 100 55.0±0.30% 0.02% 
AL203 Cr 50 30 PE yes coarse 100 13.30±0.05% 0.02% 
P20s Cr 50 50 GE yes coarse 50 1.04±0.01% 0.01% 
MgO Cr 50 50 TLAP yes coarse 100 10 .00±0 .07% 0.04% 
Rb Mo 50 30 LiF220 no fine 20,20,20 200±2 ppm 2 ppm 
Ba Cr 50 50 LiF200 yes fine 100, 100, 100 50±2 ppm 4 ppm 
v Cr 50 50 LiF200 yes fine 100 30±3 ppm 4 ppm 
Ga Mo 50 40 LiF200 yes fine 20 20±1 ppm 1 ppm 
s Cr 50 50 PE yes coarse 30 0.05±0.001 0.006% 
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APPENDIX E 
A Phillips Diffraction unit, which generated Ni filtered Ai Ka 
radiation was used for X-ray diffraction (XRD) analysis. Powdered 
samples were smeared onto glass slides using non-diffracting grease. 
The whole rock (powder) samples were analysed, by scanning at a 
0 0 0 rate of 1 , 26 per minute over the range 25 to 34 , 26, within which 
the main calcite, dolomite and quartz peaks occur. 
The insoluble residues were analysed at the same rate, but over 
the range 4°-60°, 28 to include any clay minerals. 
XRD angles used for determination of the significant minerals are: 
Mineral dAO 2e0 
Calcite 3.04 29.36 
Dolomite 2.89 30.92 
CaMg(C03)2 
Fcrroan dolomite 2.90 30.8 
Ca(Mgo.61Feo,33)(C03)2 
Quartz 3.34 26.64 
Illi te 10 8.84 
Muscovite 9.97 8.86 
K-Feldspar 4.02 22.08 
'-, 
Plagioclase 4.03 22.04 
Plagioclase 3.19 27.94 
Diffract©grams of several whole rock samples are shown below as 
Fig. E .1. 
~~~·~~ No. 49080 
No.l.9123 
No.L.9121 
33 31 29 27 25 
28 
Table E.l X-ray diffractograms showing the major peaks of 




Electron microprobe analyses. 
The analyses were carried out on a JEOL JXA-SOA scanning electron 
microprobe analyser under the guindance of Mr. W. Jablonski. EDAX spectra 
were used for analyses. Reductions of X-ray data incorporating corrections 
for absorption, fluorescence, ionization and backscattering were made with 
the aid of the incorporated computer programme TAS-SUEDS. 
Back scattered electron images and X-ray distribution maps were 
obtained on a tilt of 20° with current 3 x 10-9 amps and accelerated 
voltage 15 kv. 
